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A B S T R f t C T 
Plant parasitic nematodes are found in all 
agricultural regions of the world and any crop is likely to suffer 
damage from these parasites. Nematodes can cause diverse damage in 
plants, depending upon feeding habits. Most of them attack roots 
and frequently parasitize plants in mixed population of two or 
more genera, species, or^ races, ftmongst phyto-parasit ic nematodes, 
MeloidoQvne incognita and Rotylenchulus reniformis are the most 
important pests of black gram (Viqna munqo) and other pulses. They 
perodically cause crop devastation and economic misery. This grim 
situation justifies the adoption of proper management tactics to 
tackle nematode problem and maximize the crop yield. Control 
measures classified as chemical, biological, cultural etc., have 
their own limitations. Hence, implication of Integrated Nematode 
Management <INM) procedures to illeviate nematode damage become 
more effective. fit its best, INM offers growers way to reduce 
nematode damage to crops while reducing nematode management cost. 
In the process INM often reduces the amount of crop -protectant 
chemicals required to control nematodes, and thus decreasing 
possible environmental impacts. 
Investigation on the pathogenicity of Meloidoavne 
incogni ta and Rotylenchulus reniformis confirmed the destructive 
effect of these nematode species on black gram cv. Pant U-19. 
Lowest inoculum levels of both the nematode species caused no 
significant damage or plant growth reduction, but with the 
increasing inoculum levels there was an increased growth 
reduction. Intial tolerance limits of black gram cv. Pant U-19 to 
M. incognita and R.. reniformis were below 1,000 Jg and J/^ /Kg eoil, 
t^espectively. Nematode infestation decreased the number of nodules 
per plant. However, a significant decrease was recorded at an 
initial inoculum level of 500 nematodes/Kg soil. Meloidoqyne 
incognita was more damaging than Rotvlenchulus reniformis. The 
rate of multiplication of each species decreased with the increase 
in inoculum level. 
The interaction between tl. incognita and R.. reniformis 
was studied using varying inoculum levels and their combinations. 
In single species inoculations, the extent of growth and 
nodulation reduction was nematode dependent. Meloidoovne incognita 
was more damaging pathogen than Rotvlenchulus reniformis. The 
reduction in plant growth and nodulation was directly proportional 
to the increase in inoculum levels of test pathogens. Both the 
nematodes in single species inoculation multiplied at varying 
rates. Their rates of population increase declined at higher 
inoculum levels. In most of the combinations, reduction in plant 
growth and nodulation on concomitant inoculation were higher than 
the sum total of reductions caused by the individual inoculation 
at the same inoculum levels, and thus showed a positive 
interaction. In combinations. A,COO M. incognita, plus £,000 R. 
reniformis. and 4,000 M- incognita plus 4,000 R.. reniformis. the 
interaction was negative. In concomitant inoculations, the 
interactive effect, of both the nematodes were mutually 
inhibitory, and thus showed a mutual antagonistic inter— 
relat ionship. 
Plant health was significantly improved as a result of 
bacterization and therefore the bacterized plants when inoculated 
with test nematodes, either singly or in various combinations of 
pre-, post-, and simultaneous inoculations, suffered a 
significantly lesser damage than unbacterized plants. Inoculation 
of one or both the nematodes, prior to Rhizobium was more damaging 
to plant growth than to the plant that were simulataneously 
inoculated with one or both the nematode/nematodes at the time of 
Rhizobium application. Application of Rhizobi um before inoculation 
of nematode species, either singly or in various combinations 
resulted in significantly lesser damage than when Rhizobi um was 
applied simultaneously alongwith one or both the nematode species 
or when inoculation was followed by Rh i zobi um application. The 
damage was significantly less when the plants were inoculated with 
R^. reni form is and treated with Rhi zobi um earlier than M. incognita 
as compared to that where the plants were inoculated with M. 
incoqriit a and treated with Rhi zobi um prior to R. renf ormis 
inoculation. R. renformis when introduced 10 days prior to M. 
incoqnit a and Rh i zobi um together, damaged the plant growth to 4 
lesser extent as comapared to that when M" i-ncoani ta was 
introduced 10 days before ]R. reni formi s and Rh i zobi um together, 
The rate of multiplication of both the nematode species was poor 
in the presence of Rh izobi um, when inoculated simultaneously o-
sequentially as compared to inoculations with nematode alone. I' 
concomitant inoculation, the population of each nematode speciej 
inhibited the multiplication of the other. In simultaneoL'j 
inoculations the interactive effects of both the nematode species 
were mutually antagonistic. Sequential inoculation showed that 
prior establishment of one nematode species invariably inhibited 
the multiplication of the other nematode species subsequently 
inoculated. 
The chemicals, Furadan and Nemark <a neem product) at 
both the rates of application, significantly reduced the 
populations of both the nematode species(single as well as 
concomitant inoculation). The effects of Furadan and Nemark 
against Meloidogyne incognita were similar as well as at par to 
each other, while Nemark was significantly more effective than 
Furadan against Rotvlenchulus reniformis. 
Soil application of Paecilomvces lilacinus and 
ftcrophialophora fusispora proved to be beneficial against both 
the nematode species. The parasitic activity of P.1ilacinus was 
more pronounced than ft. fusispora against M. incognita, whereas, 
ft.fusispora was more effective against R.reni formis. Increasing 
dosages of either of the fungus were significantly more beneficial 
in reducing the population parametera of both the nematode 
species. 
Several organic additives in the form of fresh chopped 
leaves of wild plants of the family Compositae e.g. Eelipta alba, 
Bidens biternata and Erigeron bonariensis at two different 
dosages (5 and lOg/Kg soil) were found to be deleterious against 
the nematodes. However, the efficacy of different treatments 
varied from nematode to nematode. 
Water extracts of Helianthus annuus, Taaetes erect a 
and Zir^nia eleqans (Ornamental plants of the family Cornpositae) 
leaves were tested as soil drench treatment to ascertain their 
antinemic action as well as systemic activity against both the 
nematodes. These were applied at two different dosages (5ml and 
lOrnl/Kg soil). Soil application of these extracts protected black 
gram seedlings from M. incognita and R^. reniformis infection. Their 
effects, however, were fickle. Root-knot development, and 
population increase of both the nematode species greatly subdued 
by T.erecta leaf extracts. 
Incorporation of oil-seed cakss of neem (ftzad irachta 
indica) and mustard (Brassica campestris) into the soil proved to 
be highly pernicious against both the nematode species, whether 
present singly or concomitantly on black gram. 
In a similar study, amendment of soil with different 
fertilizer sources, such as ammonium sulphate, super phosphate and 
muriate of potash at higher dosages caused significant diminution 
in the rate of M. incognita multiplication. Diminution in the 
population parameter of R. reniformis was Bignificant in all the 
treatments with different sources of fertilizers except at lower 
dose of phosphorous. 
fin experiment to study the effect of chemicals 
(Furadan and Nemark) and bio-control fungi (P.1ilacinus and 
fi.fusispora) alone and in combination on M.incognita and 
R.reni formis infecting black gram singly or concomitantly revealed 
that the chemicals or bio-control fungi alone impoverished the 
nematode population and increased the plant growth. However, the 
integration of these components in various combinations was 
significantly better in reducing the nematode population and 
increasing the plant growth than when used alone. The best 
combination of these components for M. incognita, with regard to 
subjugation in reproduction factor and gall number, and increase 
in plant growth was noted when P.1ilacinus (2g mycelia/Kg soil) 
and Nemark (l.Og a.i./Kg soil) were combined together. The same is 
true with Q.fusispora (lOg mycelia/Kg soil) and Nemark (1.0 
a. i./Kg soil) for R. reni f ormis. 
The results on the integration of bio-control fungi 
and chopped leaves <E.alba, B.biternata and E.bonariensis) for the 
control of M.incognita and R.reniformis, when present singly or 
concomitantly, showed that decline in the population parameters of 
both the nematode species was significantly more in combined 
applications than in individual applications of either of the 
components. Maximum reduction in the reproduction factor of 
M.incognita and in gall number was achieved in the combined 
treatment with higher dose of P.1ilacinus (£g mycelia/Kg soil) and 
E.alba (lOg/Kg soil). Ot the higher dose of P.1ilacinus combined 
with higher dose of E.bonariensis leaves, diminution in Rf value 
of R.reniformis was maximum. 
Integration of bio-control fungi and leaf extracts 
(H.annuus. T.erecta and Z.eleqans) resulted in significantly 
higher subjugation in population parameters of M.incognita and 
R.reni formis than individual application of either fungi or leaf 
extracts, in most of the treatments. Highest reduction in the 
populations of M.incognita and in gall numbers, in combined 
application, was recorded in the treatment with P.1i1acinus (2g 
mycelia/Kg soil) plus T.erecta (lOml/Kg soil). Suppression in 
R.reni formis population was maximum in the treatment with higher 
dose of P. lilacinus and Z.eleoans leaf extracts combined. 
Comnbined application of oil-cakes and leaf extracts 
were significantly more effective than individual application of 
either of the components, in most of the treatments.Greatest 
reduction in the gall number and reproduction factor of 
M.incognita was recorded in the treatment with higher dose of 
mustard cake (l.Og N/Kg soil) plus T.erecta (lOml/Kg soil). 
Decline in the population parameters of R.reniformis was maximum 
in the treatment with higher dose of neem cake <1.0g N/Kg soil) 
plus Z.eleqans leaf extract (lOml/Kg soil). 
Results or\ the integration of oil—cakes and inorganic 
fertilizers (N, P or K) in various combinations were better in 
reducing the populations of both the nematode species (single as 
well as concomitant inoculation) than when uoed individually. The 
best combination of these components for M.incognita with regard 
to diminution in gall number and Rf value was that when mustard 
cake (l.Og N/Kg soil) and ammonium sulphate (0. lOg N/Kg soil) were 
combined together. However, maximum reduction in the Rf value of 
R.reni formis was recorded in the treatment with higher dose of 
neem cake (l.Og N/Kg soil) plus higher dose of ammonium sulphate 
(O.lOg N/Kg soil). 
Integration of chemicals and inorganic fertilizers 
caused more subjugation in the population parameters of 
M. incognita and R. >"eniformis than when used alone. Redressal of 
soil with higher dosages of ammonium sulphate (O. lOg N/Kg soil) 
plus Nemark (l.Og a. i./Kg soil) caused maximum suppression in the 
populations of R.reniformis. Suppression in the Rf value of 
M.incognita was maximum in combination of Furadan (O. lOg a. i. /Kg 
soil) and ammonium sulphate (0. lOgN/Kg soil). 
Relative susceptiblity of twenty eight black gram 
cultivars to N.incognita and R.reniformis were tested. None of the 
cultivars were found immune, resistant or moderately resistant to 
either of the nematode species. One cultivar each was found 
tolerant to M.incognita (Phu-79) and R.reniformis (Jhasi-141-18)-
Reaction of the remaining cultivars were either susceptible or 
highly susceptible to both the nematodes. 
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1. INTRODUCTION 
Pulses, (Papi 1 ionaceae) lai-^ gely valued as food and 
fodder, have been the mainstay of Indian ftgriculture. They have 
certain unique features which make thern indispensable. Firstly, in 
the predominantly vegetarian population of India, pulses are an 
important source of dietary protein (£0-30"/.). In addition, they 
are also the rich source of energy, minerals, and certain vitamins 
<Table-l. 1). Nutritionists believe that pulses play a key role in 
rectifying the malnutrition. Even, in developed countries, the 
trend has been in favour of substituting animal protein by 
vegetable protein in view of positive correlation of arterio-
sclerosis with diets rich in saturated fatty acids, on one hand, 
and decrease in blood cholesterol levels with inclusion of pulses 
on the other hand. Secondly, pulses play an important role in the 
economy of Indian Agriculture by virtue of their ability to fix 
atmospheric nitrogen in symbiotic ass'DC iat ion with Rh izobi um. They 
enrich soil by adding 20-6O Kg of nitrogen per hectare. The third 
unique feature of pulses is their deep penetrating root system 
that enables tlem to utilise the limited available moisture more 
efficiently tTan many other crops, and that contributes 
substantially In loosening up of soil. They constitute art 
important compliment of crop rotation widely adopted by the 
farmers in different agroecological regions of the country. 
Fourthly, pulse3 also provide nutritional green -fodder and feed to 
the live—stock. 
India has been distinctive in being the world's larger 
pi-'oducer of pulses, although the production is not adequate to 
ensure 80 grams per capita availability, the miriimurn 
recomrnendatiori of World Health Organisation (WHO), and of Food and 
Agriculture Organisation (FftO). In fact, it has been dropped from 
£4 grams during mid-fifties to less than 40 grams at present. This 
has been attv^ibuted to ari stagnation in the afreet (S1-S4 million 
hectares) occupied, production (10-13 million tonnes per annum), 
and productvity (475-589 Kg/hectare), over the past decades 
(Table-1.£), whereas population has increased manyfold. 
Over a dozen pulse crops 3.\re grown in India, chick pea 
(Cicer arlet inum L. ) together with pigeon pea (Ca.Tanus ca lan (L. ) 
Millsp.) accounts for 45 percent of the total pulse production in 
the country. The other important pulses are green gram CViqna 
rad lata (L. ) Wilcsekl, black gram CV^ rnunqo (L- ) HepperD, Cow pea 
CV. unquiculata (L„ ) Walp. J, mothbean CVi_ aconit i fol ia (Jacq. ) 
MarechalD, pea (Pis am sat ivurn) . lentil (Lens culi naris M e d i c ) , 
lathyrus (Lathvrus sat ivus L. ) and horse gram CMacroty1oma 
uni florum (Lam.) V^rdc. D. The major pulse growing states are 
Madhya Pardesh, Rajasthan, Uttar Pradesh, Maharashtra, Orissa, 
Bihar, ftndhra Pradesh, Haryana, Tamil Nadu, West Bengal, Punjab 
and Gujarat. These sr^B predominantly grown under rainfed and 
marginal lands with .ow inputs and without plant protection cover. 
Unfortunately, pulse crops are heavily attacked by 
fungal', bacterial, and viral diseases coupled with air-borne pests 
and soil-borne pcithogens. Amongst these, the role of 
Table 1.1 Nutritional ctwposition of pulses (lOOg of dry edible parts) 
Crops ! Energy ! Protlen ! Oil ! Total ! Fibr« ! ftsh ! Ca ! P ! Fe ! 
Carbohyrate! 
(Kcal.) (g) (g> (g) (g) (ag) (ng) (iig) (rog) 
Black gran 
Pigeon pea 
Green gran 
CoMpea 
Moth bean 
Chick pea 
Lentil 
Pea 
French.bean 
Lathyrus 
385 
383 
381 
316 
378 
396 
393 
391 
318 
379 
23.5 
21.9 
25.6 
2S.6 
20.7 
19.4 
26.9 
25.6 
22.1 
29.9 
1.8 
1.5 
1.3 
1.7 
1.3 
5.5 
0.8 
2.3 
1.7 
1.2 
71.0 
72.7 
69.2 
67.5 
72.5 
70.5 
67.8 
65.5 
69.9 
65.2 
A.9 
8.1 
*.9 
13.7 
5.1 
7.4 
4.3 
9.1 
15.9 
8.0 
3.8 
4.2 
3.9 
5.1 
3.3 
3.4 
3.2 
4.1 
6.2 
3.6 
123 
179 
118 
376 
120 
280 
71 
91 " 
318 
• -
390 
316 
370 
385 
332 
301 
331 
331 
425 
447 
9.4 
16.6 
7.9 
6.0 
-
12.3 
7.7 
6.6 
12.4 
10.9 
Table 1.2 TrerKds in Pulses Out put 
1 9 5 0 - 5 1 
1 9 6 0 - 6 1 
1 S 7 0 - 7 1 
1 9 7 7 - 7 8 
1 9 7 8 - 7 9 
1 9 7 9 - 8 0 
1 9 8 0 - 8 1 
1 9 8 1 - 8 2 
1 9 8 2 - 8 3 
1 9 8 3 - 8 4 
1 9 8 4 - 8 5 
1 9 8 5 - 8 6 
1 9 8 6 - 8 7 
1 9 8 7 - 8 8 
1 9 8 8 - 8 9 
1 9 8 9 - 9 0 
1 9 9 0 - 9 1 
firea 
m i l l i o n h e c t a r e s 
19. 1 
2 3 . 6 
2 2 . 5 
2 3 . 5 
2 3 . 7 
2 2 . 3 
2 2 . 5 
2 3 . 8 
2 2 . 8 
2 3 . 5 
2 2 . 7 
2 4 . 4 
2 3 . 2 
2 1 . 6 
2 3 . 3 
-
— 
Pr 
m i l l 
ocJuct i o n 
i o n t o n n e s 
8 . 4 
1 2 . 7 
1 1 . 8 
1 2 . 0 
1 2 . 2 
8 . 6 
1 0 . 5 
1 1 . 5 
1 1 . 9 
1 1 . 9 
1 2 . 9 
1 3 . 4 
1 1 . 7 
1 1. 0 
13 . 7 
13 . 7 
— 
Y e i l d 
q u i n t a l / h e c t a r e s 
4 . 4 
5 . 4 
5 . 2 
5 . 1 
5 . 2 
3 . 6 
4 . 7 
4 . 8 
5 . 2 
5; 5 
5 . 3 
5 . 5 
5. 1 
5 . 1 
-
-
— 
p h y t o p a r a s i t i c r i e rna todes i n p u l s e p r o d u c t i o n l o s s e s 
( q u a l i t a t i v e l y a n d q u a n t i t a t i v e l y ) h a s d r a w n u p t h e a t t e n t i o n o f 
s c i e n t i s t s , t h e w o r l d o v e r ( S r i v a s t a v a et_ al_ 1 9 7 4 ; Ngundo and 
T a y l o r , 1975 ; M e l a k e b e r h a n e t . a l . . , 1985, 1 9 8 6 ; C h a h a l and C h a h a l , 
, 1 9 8 8 ; K a l i t a a n d P h u k a n , 1 9 8 9 ; flhrnad a n d K h a n , 1 9 9 1 ) . Of t h e 
v a r i o u s p h y t o p a r a s i t i c n e m a t o d e s , M e l o i d o g y n e s p p . , H e t e r o d e r a 
s p p . , P ra t v i e?nchus s p p - H o p l o l a i m u s s p p . , H e l i c o t y l e n c h u s s p p . , 
T e l o t y l e n c h u s s p p . , a n d Rot v l e n c h u l us r e n j - f - o r m i s h a v e been f o u n d 
a s p o t e n t p a r ^ a s i t e s c a u s i n g p o t e n t i a l damage t o p u l s e s r e s u l t i n g 
i n e c o n o m i c l o s s e s i n I n d i a <Yadav, 1 9 8 6 ) . 
B l a c k gram CVi qna munqo ( L . ) HepperD i s t h e f o u r t h 
i m p o r t a n t p u l s e c r o p o f I n d i a n e x t t o c o w p e a , p i g e o n pea and g r e e n 
gram™ I t cover ts an a r e a o f a b o u t t h r e e m i l l i o n h e c t a r e s and y i e l d s 
a b o u t l . £ m i l l i o n t o n n e ' s / a n n u m . 
I n d i a i s c o r i s i d e r e d a s t h e p r i m a r y c e n t r e o f o r i g i n o f 
b l a c k grarn, w h i l e C e n t n a l fisia a s t h e s e c o n d r y c e n t r e ( C o n d o l l e , 
1 8 8 4 ; V a v i l o v , 19ir.'6) . T l i e d i s t r i b u t i o n i s c c i m p a r a t i v e l y r e s t r i c t e d 
t o t r o p i c a l r e g i o n . I : i s a l s o ari i m p o r t a n t p u l s e o f P a k i s t a n , 
Bu rma , some p a r t s o f S o . i t h E a s t ftsia, c e r t a i n p a r t s o f A f r i c a and 
fimerica i n a d d i t i o n t o I n d i a . B l a c k gram i s g r o w n fi-'om sea l e v e l 
u p t o Br\ a l t i t u d e o f l ,<)0Om, a s a summer, r a i n y s e a s o n ( N o r t h e r n 
p a r t s o f t h e c o u n t r y ) , a n d w i n t e r s e a s o n ( E a s t e r n s t a t e s ) c r o p . 
I n S o u t h e r n and C e n t r a l s t a t e s o f I n d i a , i t i s c u l t i v a t e d i n b o t h 
summer and w i n t e r s e a s o n s . I t i s d r o u g h t - a n d h e a t — t o l e r a n t , b u t 
s u s c e p t i b l e t o f r o s t . Though b l a c k gram i s c u l t i v a t e d t h r o u g h o u t 
the country, but mostly it is gr'own in the states of flndhv^a 
Pradesh, Bihar, Madhya Pradesh, Mahav^ashtra, Uttar Pradesh and 
West Bengal. It can be grown in a variety of soils, but the most 
suitable soil is well drained loam with a pH ranging from 4.7 to 
7.5 (Jeswani and Baldev, 1990). 
The production of black gram in India has increased 
gi-^adually, over time. The output of the crop has been increased 
from ari average of O. 75 to 1.S4 million tonnes, productivity from 
344 to 400 Kg/hectare arid ar-^ ea from £.1 to 3.2 million hectare, 
since 1977 — '73. Unfoi-^tunately, like other pulses, black gram too 
suffers several constraints of which pests and diseases have 
their leading role that rnay act as the limiting factor in crop 
production, resulting in economic losses to productivity. It has 
been estimated that about 30-70/- of the losses in production occur 
due to diseases. 
Plant pav^asitic n^fmatodes, form ari important group of 
pests, are important limiting factor of black gr^am production. The 
stresses inflicted upon by the nematodes on the plant are 
manifested in the form of les<.;er tillering, yellowing and stunting 
of plants which result in low productivity. Meloidoqyne spp. , 
Heterodera ca.iani, and Rotvienchul us renif orm is are important 
menaces to the production of black gram and utmost ecnomic 
importance in India <Gill and Singh, 1990). 
Soil inhabiting plant-parasitic nematodes occur in 
polyspecific communities anc live in an environment that is 
teeming with rnicro-organisrns. Since plant—parasit ic nematodes ar-s 
in constant association with saprobic, parasitic, and symbiotic 
rnicro-organisms in the rhizosphere, it is logical to consider 
interactions between these groups of micro—organisms in terms of 
their combined effect on plant growth. The interrelationships of 
plant—parasitic nematodes with soil micro— organisms were observed 
by Atkinson (183S), and now have been well documented in 
literature (Bergersen, 1972; Hussey and McGuire,1987; Sitaramaiah 
and Singh, 1990). Synergistic interactions on plant growth have, 
also, frequently been reported. 
The possible interaction between different nematode 
species in polyspecific communities snd in common pathosystems 
drew attention of nematologists quite lately. Chapman (1959) was 
the first to work out an interaction between Pratylenchus 
penetrans and Tylenchorhynchus mart ini on alfalfa and red clover. 
Since late sixties, interaction of coinhabiting plant parasitic 
nematodes have recieved attention of several workers. In recent 
years Khan and Khan, 1990 and Eifienback, 1993 have briefly 
reviewed the work done on coinhabiting plant nematodes. Numerous 
interactions between species of plant parasitic nematodes have 
been investigated between ectoparasites, ecto- and migratory 
endoparasites, ecto- and sedentary endoparasites, migratory 
endoparasites, migratory endo— and Sf.'dentary endoparasites, but, 
only few studies have attempted to elucidate interaction among 
sedevitary endoparasites involving Meloidoqyne spp. and 
Roty lenchul us ren i for^ rn is on pulse crop, part icular-ly black grarn. 
The investigations of interactions between symbiotic 
micro-organisms and plant parasitic nematodes are more recent 
(Dehne, 1982; Hussey and Roncadov^i, 19e£). O healthy plant is 
greatly influenced by the activities of non-pathogenic root- and 
rhizosphere - inhabiting micro—organisms. Pulse crops which have a 
symbiotic relationship with the nitrogen fixing bacteria 
<RhizQbuim) are good hosts for many species of plant parasitic 
nematodes. Plant parasitic nematodes and nitrogen fixing bacteria 
commonly occur together in the roots and rhizosphere of the same 
plant, each having a characteristic but often opposite effect on 
plant vigor. Rh isobi urn, characteristically, stimulates plant 
growth, where as, plant parasitic nematodes usually suppress it. 
Nematode infection may drastically affect the Rh izobi urn—pulse 
relationship. Interaction between Rh izobi um and plant parasitic 
nematodes, particularly Meloidoqyne sfip. has been studied on a 
number of pulse crops and has been reviewed (Huang, 1987; Taha, 
1393), but information on such interactions on black gram Are 
scanty. 
Plant parasitic nematodes are cosmopolitan, and they 
are important menace to the production cf agricultural crops. The 
losses caused by them are well recognised and are a matter of 
great concern in the agricultural economy of the world. The 
increasing human consumption of pulses as food has made the 
situation more critical. Root-knot nematodes (Meloidoqyne spp. ) 
f o l l o w e d by renifot-m n e m a t o d e ( R o t y 1 ench u l u s r e n i f o r r n i s ) a r e among 
t h e most s i g n i f i c a n t o f a l l p l a n t p a r a s i t i e n e m a t o d e s t h a t a t t a c k 
p u l s e — c r o p s , p a r t i c u l a r l y , b l a c k g r a m . T h i s g r i m s i t u a t i o n 
c e r t a i n l y j u s t i f i e s t h e a d o p t i o n o f p r o p e r rnanagefnent t a c t i c s t o 
t a c k l e nema tode p r o b l e m s , t o m a x i m i s e t h e c r o p y i e l d , and t h u s t o 
o v e r c o m e t h e f o o d s h o r t a g e . C o n t r o l m e a s u r e s c l a s s i f i e d a s 
c h e m i c a l , b i o l o g i c a l , c u l t u r a l , r e g u l a t o r y , a n d p h y s i c a l , h a v e 
t h e i r own l i m i t a t i o n s , t h o u g h t o v a r y i n g e x t e n t s . H e n c e , 
i m p l i c a t i o n o f i n t e g r a t e d n e m a t o d e management ( INM) p r o c e d u r e s t o 
a l l e v i a t e n e m a t o d e p r ' o b l e m s becomes more e f f e c t i v e . INM p r o c e d u r e s 
BY^e based on t h e p r i n c i p l e s o f p r e v e n t i o n , p o p u l a t i o n r e d u c t i o n , 
and t o l e r a n c e , and t o s e e k t o s t a b i l i t y i n p o p u l a t i o n s o f t a r g e t 
n e m a t o d e s a t a c c e p t a b l e l e v e l s . T h i s may r e s u l t i n f a v o u r a b l e l o n g 
t e r m s o c i o - e c o n o m i c a n d e n v i r o n m e n t a l c o n s c s q u e n c e s . INM i n v o l v e s 
i n i n t e g r a t i n g s e v e r a l d i v e r s e c o n t r o l m e a s u r e s , i n p r o d u c t i o n o f 
g e n e t i c a l l y r e s i s t a n t h o s t s , i n m o d i f i c a t i o n o f n a t u r a l 
e n v i r o n m e n t a l a n d when n e c e s s a r y , i n a p p r o 3 r i a t e u s e o f c h e m i c a l 
nemat i c i d e s . 
G r o w i n g c u l t i v a r s , r e s i s t a n t t o n e m a t o d e s , p r o v i d e ari 
i d e a l mean f o r m a i n t a i n i n g n e m a t o d e p o p u l < - » t i o n d e n s i t i e s b e l o w 
d a m a g i n g l e v e l s . I t s a d v a n t a g e s srs t h a t i t cari d r a s t i c a l l y r e d u c e 
n e m a t o d e p o p u l a t i o n . M o r e o v e r , g r o w e r s d o v iot need a n a d d i t i o n a l 
c o s t t o p r o t e c t t h e i r c r o p s . 
I n my p r e l i m i n a r y s u r v e y o f b l . i t c k gram g r o w i n g a r e a s 
o f B i h a r ' and U t t a r P r a d e s h , s i n g l e and c o n c o m i t a n t i n f e c t i o n o f 
Meloidoqyne incognita and Roty 1 enchu 1 us reni'Forrnis were frequently 
encountered. Badly damaged black gram plants, in the form of 
patches were obsBi--"ved when compared with nearby plants in the same 
field. Keeping in view, the importance of the crop and the 
association of the nematodes, it was considered desirable to 
workout the pathogenicity of the two nematodes, when present 
independently or concomitantly. The aim was to find out the role 
of each of them in the aggravation of plant damages, disease 
devlopment and nematode multiplication. Pathogenicity tests e^re 
important to determine the threshold levels c<f the pathogens and 
have significant bearing on the disease devlopment, in a given set 
of conditions. As the threshold level is greatly influenced by the 
number of ecological factors including co—inhabitation of two or 
more pathogens, it is necessary to determine the threshold level 
and its effect on disease devlopment under different experimental 
conditions. Effects of different combinations of pre, post and 
simultaneous inoculations with Mi_ incognita and R^ reniformi s, in 
the absence or preserce of Rh izobium. was woi-^ ked out to understand 
the ecological and etiological relationships resulting from co-
inhabitations of the two pathogens. Investigation was also carried 
out on the non-chenical control of the problem with greater 
emphasis on the herbal control. It is now widely t-^ ealised that no 
single method of nematode control provides 3.rt adequate solution to 
most plant nematode problems, and that no single method is free 
from limitations. Thu!5, there is a great scope of combining two or 
B 
more control measures iri a complimentary manner for nematode 
contv^ol. Only few attempts have been made on the integrated 
nematode management procedures (Vev>ma and Gupta, 1386; Jain and 
Bhatti, 1988; Zaki and Bhatti, 1989; Hasan and Jain, 1992). 
Accordingly it was also decided to test the efficacy of different 
combinations of two or more control measures using more 
specifically different herbal and biological materials such as 
oil-cakes, plant extracts, inorganic fertilizers, nematode 
parasitic fungi, herbal and synthetic nernat icides, etc. Available 
germ plasm of black gram crops was also screened to locate 
resistance against both the test pathogens. In order to achieve 
the objectives, the following experiments were conducted: 
1_1 PflTHOGENICITY AND INTERACTION 
1.1.1 Determination of Economic Threshold Levels of 
Meloidogyne incognita and Roty1enchu1us reniformis 
1.1.2 Effect of Individual and Concomitant Inoculations with 
Different Inoculum Levels of Meloidogyne incognita and 
Rotylenchul .is rert i form i s 
1.1.3 Effect of Pre-, Post-, and Simultaneous Inoculations of 
Meloidogyne incognita. Rotylenchul us reniformis, and 
Rhizobi um 
1.2 NEMftTODE MANPGEMENT 
1.2,1 Integv-ated Management of Meloidoqyne incognita and 
RotVlenchulus reni form i s 
1.2.1.1 With Bio-Control Fungi and Chemicals 
1,2, 1..=: With Bio-Control Fungi and Chopped Leaves 
1.2.1.3 With Bio-Control Fungi and Leaf Extracts 
1.2.1.4 With Leaf Extracts and Oil-Cakes 
1.2.1.5 With Oil-Cakes and Inorganic Fertilisers 
1.2.1.6 With Inorganic Fertilizers and Chemicals 
1.2.2 Relative Response of Black gram Cultivars to Meloidogyne 
incognita and Roty 1 enchu 1 us reniforrnis 
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2. REVEIW OF LITEROTURE 
2.1 PATHOGENICITY AND INTERftCTION 
2.1.1 Pathogenicity 
Pathogenicity tests sire necesseary to determine the 
tolerance limit or damage thresholds of a particular pathogen 
under a particular set of enviromental conditions for different 
crop cultivars, as it has significant bearing on the development 
and establishment of disease syndrome. Such studies are helpful in 
characterizing fundamental relationship between number and kinds 
of nematode and crop performance. 
Root—knot nematodes (Meloidoqyne spp. ) and reniform 
nematode (Rotylenchulus reni formis) have been reported to be 
widely associated with reduction of pulse crop poductions. The 
pathogenic effect of Meloidoqyne spp. (M. incognita / M. .i avarii ca) 
and R^. reni form is on pea < Pi sum sativum.' , cowpea (Vi qna 
unquiculata) , green gram (V, radiata) . chickpeci (Cicer ariet inum) , 
soybean (G1 yc i ne ma x ) , pigean pea (Ca.ianus ca.icin) and lentil (Lens 
cul inaris) ( Srivastava et_ al. , 1974; Catibog mnd Castillo, 1979; 
Panda and Seshadri, 1979; Raut and Sethi, 1980; Gupta and Yadav, 
1980; Mani and Sehti, 1984; Pathak et. al..,198^; Tiyagi and filam, 
1987; 1988; Tiyagi et_ ai.. , 1989; Zaidi et. ai.. , 1988; Chahal and 
Chahal, 1989; Fazal e^ ai.. , 1991; Siddiqui ard Mahmood, 1992 ) 
have been intensively studied, but very few reports are available 
in case of black gram < Viqna munqo ) ( Bupt«-i and Yadav, 1979; 
Mishra and Gaur, 1981a; Gupta et. ai.. , 1987; Mohanthy et. al.. , 1989; 
Baheti and Yadav, 1991). In black gram, the t-ireshold level of 
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root-knot ranged between 50O nematodes/Kg and 1000 nematodes/500 g 
soil,even though as less as 100 nematodes/1,5 Kg soil was reported 
to be highly pathogenic. In case of reniforrn nematode it was 1,000 
and £',0O0/Kg soil. The host infestation and nematode 
multiplication were invariably found to be density dependent. 
However, conclusive evidence is not available to demonstrate the 
population threshold and pothogenicity of either of the nematode 
on black gram. 
2. 1.2 Neraatode— Nera^tode Interaction 
During the course of development, the plants ar-^e 
constantly exposed to different levels and complexes of competing 
pathogens. The presence of two or more phytoparasitic nematodes 
parasitizing a single cultivar, is of common occurrence in nature 
(Noling, 1987), 
The nematode community is dynamic and its members ar^e 
constantly interacting with each other as well as other pathogens. 
Interactions among plant parasitic nematodes can be studied 
ecologically or et iological ly and the two cTire i nt er—re lat ed , 
because number of nematodes are often correlated with the severity 
of disease (Eisenback,1985). 
Ecologically, nematode-nematode interaction may 
enhance or retard (Chapman and Turner,1375; Mclntyre and 
Miller,1976; Pinochet et, al_.,1976; Kheiv> and Osman, 1977) , or has no 
obvious effect or\ the development or behavior (Johnson and 
Nusbaurn, 1 9 7 0 ; T a h a and K a s s a b , 1980) o f one? o r more c o m p e t i n g 
n e m a t o d e s p e c i e s . T h e e f f e c t o f s u c h c o m p e t i t i v e i n t e v ^ a c t i o n s may 
be d i f f e r e n t f o r d i f f e r e n t h o s t p l a n t s o r c u l t i v a r s ( S i k o r a et_ 
a l . . , 1 9 7 £ ; E s t o r e s and C h e n , 1 9 7 2 ) . E t i o l o g i c a l l y , i n t e r a c t i o n 
b e t w e e n n e m a t o d e s may be a n t a g o n i s t i c ( n e g a t i v e ) ( E s t o r e s a n d 
Chen, 1972 ; M i s h r a and Gaur , 1 9 8 1 ; flnver a n d Olarn, 1 9 8 9 ) ; s y n e r g i s t i c 
( p o s i t i v e ) ( P a e s et_ a l - , 1 9 7 8 ; E i s e n b a c k , 1 9 8 3 ; F a z a l and H u s i a n , 
1 9 9 1 a ) ; o r n e u t r a l ( a d d i t i v e ) ( S r i f f i n , 1 9 8 3 ; J i j i and V e n k a t e s a n , 
1 9 8 9 ) . In r e c e n t y e a r s Khan and Khan, 1 9 9 0 a n d E i s e n b a c k , 1993 
h a v e b r i e f l y r e v i e w e d t h e work d o n e o n c o i n h a b i t i n g p l a n t 
n e m a t o d e s . 
2 - 1 - 2 . 1 I n t e r ' a c t i o n B e t w e e n S e d e n t a r y E n d o p a r a s i t e s 
S e d e n t a r y e n d o p a r a s i t e s ar^e h i g h l y s p e c i a l i z e d and 
h a v e a l o n g l a s t i n g and complex r e l a t i o n s h i p w i t h t h e h o s t p l a n t 
( E i s e n b a c k , 1 9 8 5 ) . C o m p e t i t i o n b e t w e e n t w o s e d e n t a r y e n d o p a r a s i t e s 
i s g e n e r a l l y m u t u a l l y s u p p r e s s i v e b e c a u s e t h e y u t i l i z e t h e same 
f e e d i n g s i t e s a n d o f t e n c a u s e d r a s t i c p h y s i o l o g i c a l a l t e r a t i o n i n 
t h e h o s t t i s s u e , h o w e v e r , s t i m u l a t o r y a n d n e u t r a l i n t e r a c t i o n s 
h a v e a l s o b e e n r e p o r t e d ( R o s s , 196A; B h a r m a a n d S e t h i , 1 9 7 6 ) , 
I n t e r a c t i o n b e t w e e n M e l o i d o q y n e s p p . a n d 
R o t y l e n c h u l u s r e n i f o r r n i s i s r e p o r t e d t o b e s u p p r e s s i v e f o r e i t h e r 
o n e ( S i n g h , 1 9 7 6 ; M i s h r a and Gaur , 1981) o r b o t h t h e s p e c i e s ( T a h a 
and K a s s a b , 1 9 8 0 ; Rao and S e s h a d r i , 1 9 8 1 ; F a z a l and H u s i a n , 
1 9 9 1 a ) . I n t e r a c t i o n among r o o t - k n o t n e m a t o d e i s d e n s i t y a s w e l l a s 
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time dependent (Thomas and Clark, 1980,1931; Fazal et. al. , 1992) • 
The summary of interactions between Meloidogyne spp. and 
Rotvlenchulus reniformis is given in Table £.1. 
2.1.3 Nematode- Rhizobiun- Host Plant fissociation 
The association of host plant and Rh izobi um sp is a 
complex symbiotic process which results in the promotion of 
nodules and plays a vital role in biological nitrogen fixation. 
Biological nitrogen fixation involves a series of enzymes and 
proteins that function collectivly to make it effective. ft 
disturbance in any of these components results in the suppression 
of nitrogen fixation. Among the various obstacles, plant pathogens 
are the major threat in limiting maximum nitrogen fixation, and in 
suppressing nodule formation. The role of phytonematodes on 
rhizobia-legume associations, including pulses, have been worked 
out by many workers. Interactions of nematodes with rh.izobia have 
been recently reviewed by Huang, 1987 and Taha, 1993. "he existing 
literature indicates that nematode - rhizobia- host plant 
associations are not, always, detrimental (Hussaini antl Seshadari, 
1975; Meredith et. al_. , 1983; Fazal and Husain, 1991a; Siddiqui 
and Husain 1992), but also have beneficial effects on nodulation 
and nitrogen fixation ( Hussey and, Barker 1974; 1976). However, 
Taha and Kassab (1980) found that nodulation in cowpea was not 
affected by the presence of Meloidogyne lavanica. The effect of 
Meloidoqyne spp. and R^. reniformis on nodulation in Rh izobi um-
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Table:8.1 SuMiary of interaction betitecn Weloidoqyne Spp, and Rotylenchulus rcnifoTMis. 
Nenatode 
Conbination 
Test 
Host 
General 
Response 
CoBssents Reference 
M. jayamca+ Cowpea 
R, renifor i is Viqna 
unquiculata 
Neutral R. rpnifonais is i n i t i a l l y •ore coepetitive but M. lavanica Rao and 
15 mX affected over tirae Prasad (1971) 
Neutral R T'eruforais i n i t i a l l y irhibited K. .lavanica but was less 
competitive over tiire 
Neutral K .lavanica is »ore competitive than R. rem forms and u l t i -
nately predotinates as a result of higher reprc«duclive pot-
ential and s^o^ter tine in the soil before mfection 
Taha and 
Kassab 
(1979) 
Taha and 
Kassab 
(1980) 
M. incognita + 
fi. renifomns 
Mutually In sequential iroculation, interactions were time dependent Khan and 
antagonistic Prior establishaent of one species was invariably antagonis- Hussain 
t i c to the wultiplication of the other species (1988a) 
Mutually Hichft' inoculuB of each soecies suppressed the l u l t i p l i ca t -
antagonistic ion of the other Mith low inoculum 
Khan and 
Hussain 
(1990a) 
Tonato Antagonistic Density deper<jent. Geriprally R. rem forms inhibited M. Winto and 
Lycopersicon incognita, except hig*! numbers of K. incognita xere suppre- Li« 
lycopersicui ssive to R. rem font is (1972) 
Antagonistic Root per*tration by M. incognita and i ts development and 
growth rate ••ere hanpered by R. remfortiis 
Kheir and 
Osman 
(1977) 
fintagonistic M. incognita suppressed lu l t ip l icat ion rate of R. reniforwis Khan 
i t i i -
(19W) 
Mutually fit higher nuaber of K iricoqnita, multiplication and penetr- Khan 
antagonistic ation of R. reniforms declined while at higher level of R. ft. al_. 
reniforais iwl t ip l icat ion of M. incognita adversely affected (1985) 
Mutually Nuiber of itales of K. incognita and R. rem form is increa- Khan 
antagonistic sed in conco«itant irioculation in conparision to single et^  al_. 
species inoculation of the sa»e inoculuB level. (19B6b) 
contd.. 
contd...Table: 2.1 
Nesatode 
Codbination 
Test 
Host 
General 
Response 
CooBents Reference 
Rntagonittic Pollen fertility greately reduced in simultaneous inoculati- flhmad 
on R. remfomis adversely affected by M. incognita e^ al.. 
(1987b) 
Antagonistic Presence of R. reniforais adversely affected the reproduct- flhmad 
ion of n. incognita (1989) 
Soybean Antagonistic R. renifomis inhibited by j*. incognita while M. incognita Singh 
Glycine M X not affected by R. renifomis (1976) 
Sneet potato Antagonistic Density dependent. Each species capable of inhibiting other 
IpoMoea batatas and bccoaing dominant population in field experinent 
Thovas 
and Clark 
(1930, 
1981, 
1383a, b) 
Ariagonistic In green house, H. incognita inhibited the reproduction of 
R. reniforais »rf)ile M. incognita reproduction Has not affe-
cted by R. renifontis 
Thomas 
and Clark 
(1980, 
19a3b) 
Black graa Antagonistic GroNth rediKirtion in concoaitant infection Mas relatively 
Viqna wiYAO less than individual infection 
Nishra 
and Gaur 
(1981) 
Grape vine Mutually Suppression effect bf M. incognita was lore on R. Rao and 
antagonistic renifomis. Growth reduction was less in cwbined inoculat- Seshadri 
ion than in single inoculation (1981) 
Egg plant 
Solanuw 
nelonqena 
Mutually Mutual inhibition in population increase occurred and sex Khan 
Antagonistic ratio changed. Reduction in plant weight less in concoaitant et. al., 
inoculations than single inoculation (1988a) 
In single and conconitant inoculation plants were pathogenic Jiji and 
at par affecting the plant growth characters after 45 as Venkit-
NslI as 1 ^ days of inoculation esan 
(1989) 
Chilli 
Capsicuii 
annuui 
Antagonistic Plant (Sana^e significantly greater in corconitant inoculat- flhuad 
ion. Rate of miltiplication of R reniforwis adversely affec- et. al.. 
ted by Ij. ircognita (1987a) 
contd. . 
contd...Table: 2.1 
Neaatode 
CcMbinat ion 
Test 
Host 
General 
Response 
Co8Bient5 Reference 
CaulifloMer 
Brassica oleracea 
var.botrvtis 
Ho interaction Mas observed Khan 
<1987) 
Okra 
flbelwoschus 
esculeritus 
Mutually The reduction m conbined inoculation Has relatively less 
antagonistic than single species inoculation '' 
ftnver 
and Alan 
(1989) 
Lentil Mutually Dry plant neight reduction was additive nith low inoculum Fazal 
Lens cull nans antagonistic level of H. incoqriita plus any inoculum level of R. and 
rcnifpnus but was synergistic with highest inocului level Husain 
of K incognita plus any level of R. renifor«x5 (1991a) 
Mutually Density and tiK dependent 
antagonistic 
Fazal 
it al-
(1992) 
pulse interactions are tabulated in Table £:.£. 
Histological studies of nodules have revealed that 
the nematodes frequently penetrated the nodular tissues. Baldwin 
et al.. <ig79) and Yousif (1979) reported that M.incognita was 
found in the vicinity of the vascular bundles of soybeari (Glycine 
max) , pea ( Pi sum sat ivum) , horse gv^ am (Pol ichos uniforus) , 
clover, and lupine. The structural integrity of the infected 
nodules was not altered. Similarly, R. reniformis parasitized the 
nodules of soybean (G. max). Thin sections of infected nodules 
revealed that the nematode penetrated the epidermis, root cortex 
and the nodular cortex. There was not ^riy difference in the shape 
and the size of the infected ,and healthy nodules (Meredith et_ al. , 
1983), 
In soybean - nematode - rhizobia interactions, 
nodulation was found to be influenced by the type of cultivar. The 
nodule number on soybean (3. max) cultivar Fot-rest was not 
affected at all by M. incognita, however on the cultivar Lee-SS 
the number was considerably reduced by the same nematode species 
(Baldwin et. al.. , 1979). 
2.2 MflNflGEMENT OF NEMftTODE DISEfiSES 
S. S. 1 Management by Chemical Methods 
The first use of a soil nematicide for the control 
of Phylloxera de vastatrix. now Dakt ulosphaira vitifoliae 
(Fitch), by Thenard in lfl7£ ( Johnson and Fieldmesser, 1987) may 
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be traced back to a paper published iri Gardener's Chronicle, fifter 
the insecticidal efficiency of carbon disulfide was established, 
it was also applied to control the sugarbeet nematode by Kuhn in 
18S4, but results were not encouraging <Thorne, 1961). Carbon 
disulfide was reported to be "the most efficient chemical for the 
control of the root—knot nematodes in the field " <Bessey, 1911>. 
Its importance as a nematicide has been demonstrated many times 
but it has ris\/er' been used extensively <Taylor, 1959). Literature 
on chemical control of plant nematodes has been reviewed by 
several workers from time to time. Recent reviews are by Wright 
(1981), Hague and Gowen (1987) and Haq et. ai-, (1990). 
2.2-1.1 Soil fumigants 
The use of chemicals on field basis for the control 
of plant parasitic nematodes was not possible until the early 
i940s when ari effective and economical soil fumigant, DD (a 
mixture of 1,3— d ich loropropene— 1,2 dichloropropane) and 1,3-D 
(1,3-dichloropropene) was discovered (Carter, 1943). Since then, 
sevev^al soil fumigants viz., EDB (ethylene dibromide), (Christie, 
1945); DBCP (1,£- dibromo-3-chioropropane) (McBeth, 1954; Raski, 
1954); Metham (Sodium methyl dithio carbamate) (Lear, 1956) etc., 
have been Introduced. 
Application of soil fumigants viz., DD, DBCP, EDB, 
metham, nemafos etc. reduced the population of both endo- and 
ectoparasii; ic as well as saprophytic nematodes, to varying 
16 
degrees, in arid around the roots of sweet orange (Citrus 
sinensis); vegetables, potatoes (Solanum tuberosum); wheat 
(Tr i t i urn aestivurn) ; barley (Hordeurn vul qare) ; rice (Oryza sat iva) ; 
pulses; tea (Camel 1ia sinensis) ; tobacco (Nicotiana tabacum) ; jute 
(Corchorus capsular is) ; sugar beet ; groundnut (Pirachis hypoqaea) 
etc. (Thorne and Jenson, 1946; Christie, 1959; Thomson et_ al. , 
1959; Moje and Thomson, 1963; Siddiqui et. al. , 1966; Khan et_ 
al., 1969; Singh and Prasad, 1973; 1974; Minton and Parker, 1974; 
Riggs et. al.. 1980; Rhoades, 1983; Haq et_ ai-, 1984, 1986; 
Rodriguez-Kabana et_ al. , 1985; Rodriguez-Kabana and King, 1985; 
King et. al. , 1989). 
The soil fumigants such as DD, EDB, DBCP, and others 
were equally effective in suppressing the populations of root-
knot and other nematodes on pulses viz., cowpea (Viqna 
unquiculata) . soybean (Glycine rnax) . pigeon pea (Ca.ianus ca.ian) , 
and mung bean (Viqna radiata) (Thomson etal. , 1959; Singh and 
Prasad, 1973, 1974; Minton and Parker, 1974; Jaiswal etal. , 1987). 
Rodriguez-Kabana et_ al_. , (1979, a, b) concluded that ISoilbrom 90 EC 
(ethylene dibromide) or Ten—0-Cide 12.—2.1 (ethylene dibrornide + 
27% chloropicrin) were effective in suppressing Meloidoqyne 
arenaria ctrx peanut (ftrachis hypoqaea) when applied at planting 
time and that these were the good substitutes of DBCP for the 
control of M. arenaria, M. halpa ov^  Heterodera q lycines on 
soybean. DBCP, DD, soilbrom 40 and 85, and Telonu were quite 
effective in reducing H. q lycines and Meloidoqyne sp. , and 
17 
iricr-easing the yeild of soybean, but EDB was comparatively more 
effective than others (Riggs et. al_. , 1980; Rodriguez-Kabana and 
Mawhinney, 1980). Soil brorn 90 abated the soil population by 
reducing the reproduction rate of M. incognita, M. arenaria, M. 
hapla, and H. glycine associated with soybean and groundnut, and 
increased their yield (Conley et. BI_. , 13B3; Kinloch, 1983, a, b & 
c; Phipps and Elliot, 1983; Mueller, 1984). Ethylene dibromide 
(EDB) and combination of EDB and chloropicrin, according to 
Rhoades (1983), excellently controlled M. incognita, Belonolaimus 
lonqicaudatus and Hoplolaimus galeat us, and significantly 
increased the yield of snap bean. Jaiswal et. al • (1987) found that 
application of DBCP minimized the root-knot index in pigeonpea. 
Soil fumigation with DO, DBCP, EDB, Mocap, were effective in 
reducing the soil population of Rotylenchulus reniformis on mung 
(V. radiata) , soybean (G. max) , and pigeon pea (C. ca.ian) (Singh 
and Prasad, 1973; Birchfield and William, 1974; Jaiswal et. al. , 
1987). These chemicals alongwith nemagon and metham sodium were 
equally effective against ^. reri i form i s on mustard (Brassica 
nigra) ; i^ocket salad (Eruca tsat iva) ; raddish (Raphanus sat i vus) ; 
turnip (Brassica rapa) ; carrdt (Caucus carota) (Kirmani et. al. , 
1975) ; tomato (Lycopersicon 1 ycopersicum) (Sivakumar et. al. , 
1977); and wheat (Trit icum aeot ivum) (Singh and Prasad, 1973). DD 
proved to be the most efficacious for all the crops, however, the 
efficacy of the other nematicides varied with crops. 
Sivakumar et. al.. , (1977) found that soil population 
IS 
of R^. reri i form i s at the time of sowing was significantly less in 
plots receiving DBCP and metham sodium when compared with those 
receiving carbofuran and aldicarb. The tomato seedlings were 
either parasitized by fewer females or were completely free of 
nematodes in all the nematicide treated plots. 
£.S.1.2 Non fumigants or Systemic 
Recently developed water soluble nematicides are 
called nonfumigants. They are classed as organophosphates and 
carbamates. Most of these chemicals are systemic. These compounds 
control many soil or foliar feeding pests when applied to soil. 
VC- 13 (dichlofenthion), the first organophosphate, released for 
nematode control, was used mostly to protect ornamentals and turf 
grass (Christie and Perry, 1958; Giood, 1363). Whether applied as a 
drench, spray or injected into the soil, VC-13 reduced nematode 
populations sufficiently to permit turf grasses to regain their 
former vigor and growth (Manzelli, 1955). Jenkins and Guengerich, 
(1959) reported thionaain as an important nematicide. 
Onother organophosphcte, phenamiphos was reported to 
control nematodes on citrus seedlings by bare root dip (O'Bannon 
and Taylor, 1967) and on ornamentals as drench (Johnson, 1969 
a, b) . 
The efficacy of ethoprop for the control of 
Meloidoqyne incognita acrita was cemonstrated on tobacco (Osborne 
et al. , (1969); and on to-nato (Brodie, 1971). Other 
19 
orgariophosphates such as parathion, dernetori, phorate, disulfoton, 
diazinon and nellite also controlled phytoparasitic nematodes. 
Weiden et_ al. , (1965) proposed a new class of 
• insect icidal and acaricidal carbamoy lox irnes. Their biological 
activity specturrn was similar to that of certain organophosphates. 
In 1966 the nernat icidal activity of aldicarb was reported on the 
tobacco cyst nematode. Heterodera t abac urn (Miller, 1966), and later 
on some nematodes that infected vegetable crops, (Rhoades, 1969). 
Soil application of aldicarb, aldicarb sulfone, 
carbofuran, thionasin, phorate, fensulfothion, disulfoton, 
dimethoate, ethoprophos, Mocap (ethoprop), oxamyl, and thionazin+ 
phorate were effective in reducing the nematode populations and 
increasing the yield of brinjal, tomato, okra, cauliflower, 
chillies, tobacco, betelvine, papaya, ground nut, sugar beat, 
wheat, rice etc. (Singh and Prasad, 1973, 1974; Singh et_ al. , 
1978; Varaprasad and Mathur, 1980; Krishnaprasad and Krishnappa, 
1981; Mahajan, 198£; Reddy anc Singh, 1983; Haq et. al.. , 1984; 
Hussaini, 1986; Dutt and Bhatti, 19a6a,b; Sakhuja and Sethi, 1986; 
Dethe and Pawar, 1987; Gupta anc Sharma, 1988; Rahman, 1991). 
Nematicides applied as soil drench were found to be 
equally effective against root- knot nematodes. Vydate (oxamyl), 
VC-13 and Dazomet satisfactorily controlled other nematodes in 
general and M. incognita in particular on egg plant, okra tomato 
and chilli (fllam et_ al. , 1973a, b; Saxena et_ al_. , 1974; 01am and 
Khan, 1983); Oxamyl-G, Oxamyl-L, aldicarb, fenamiphos and 
£0 
fensulfothion were effective in inhibiting M. lavanica population 
on tomato (Dabaj and Khan 1982); aldicarb treatment had 
significantly lower root-knot indices <M. incognita) on egg plants 
(Mahajan, 198£) ; aldicarb and carbofuran were effective iri 
controlling root-knot nematode on cauliflower (Maqbool et 
al.,1385); aldicarb and carbofuran reduced penetration of M. 
incognita in roots of tomato (Dutt and Bhatti.,198Sa,b); 
fensulfothion, dirnethoate, aldicarb and carbofuran were equally 
effective in arresting M. incognita population growth and galling, 
and promoting tomato growth (Haq et_ al_. , 1987); aldicarb and 
ethoprop were effective against the root-knot nematode infection 
on potato (Sharma and Desh Raj, 1987). Reduction in juvenile 
penetration and subsequent root galling on tomato was observed 
with Dimecron 85%, Metasytox-R, phorate (Thimet 10 G ), carbofuran 
(Furadan 3G) and phenamiphos (Nernacur 5G) were mixed (Rahman et 
al. , 1988; Thakar et_ al. , 1988). IJhile using aldicarb, carbofuran 
and carbosulfan to control M. javanica on tomato, aldicarb was 
found most effective in controlling the nematodes and increasing 
plant vigor. Their effectiveness, however, was dose dependant 
(Javed et_ al. , 1989). Phenamiphos, carbofuran and miral were more 
effective against M. .lavanica cind M. incognita on egg plant, 
cucumber (Cucumis sat iva L. ) and okra than oxamyl, (Stephan et. 
3.1. , 1988, 1989; Pravatha Reddy and Khan, 1991), 
Non fumigant nematicides also helped in suppressing 
the root-knot development and rematode population on various 
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pulse crops. On rnung bean, aldicarb reduced the population of M. 
incognita and root galling (Vein et. al. , 1977); carbofuran, 
fenamiphos and bendicarb reduced the number of galls and the 
population of M, lavanica (Kaushik and Bajaj, 1981) and M-
incoqnita (Sultan et. al_. , 1985). Dukes et. al_-, (1979) found that 
yeild loss of cowpea (Viqna unquiculata) caused by M. incognita 
was reduced by ethoprop. Phosphon at 500 and 1000 ug/plant 
minimized or prevented invasion on cowpea roots by M. incognita 
(Balasubramanian and Sivakumar 198S). Endo- and ectoparasitic 
nematodes infesting cowpea were effectively controlled when 
fenamiphos was applied to the soil (Sethi and Meher, 1989). There 
was a decrea^^e in the soil and root population of phytoparasi t ic 
nematodes vis. , M. incognita , M. lavanica. M. 3.r^eriar-ia Heterodera 
q lycines, Pratvlenchus brachyurus ai-id Hel icotylenchus spp. and 
increase in the yeild of soybean with the application of 
fenamiphos, carbofuran and aldicai^b (Rodriguez— Kabana and 
Mawhinney, 1980; Novaretti et. al. , 198;^; Kinloch, 1983 a, b). Conley 
et al. , (1983) reported that Teinik (aldicarb) or Counter 
(terbufos) reduced the reproduction rate of plant parasitic 
nematodes associated with soybean. Contrary to this, Kinloch 
(1983c), Mueller (1984) observed that, though Furadari (carbofuran) 
or ternik (aldicarb) increased the yeiJd of soybean in H. glycine 
and M. incognita infested soil, but none of the treatments 
significantly reduced the nematode nutnber. Mishra and Gupta (1991) 
evaluated thiride, Dithane M 45, Bavistin, fildrin 30 EC, 
Monocrotophos, Thirnet lOG, Furadan 3G, Phorate lOG, Zirarn and 
saturn against M. incognita infesting soybean. All the chemicals 
except Bavistin and Ziran were effective in reducing the nematode 
population. Dichlofenthion 5G was effective in reducing 
Meloidoqyne incognita induced galls on chickpea (Singh et_ al. , 
1981). Carbofuran, fenamiphos, bendicarb, aldicarb (Ternik lOG) , 
ethoprop not only reduced galls but also increased the yeild of 
chickpea (Kaushik and Bajaj, 1381; Singh and Reddy, 1981, 1982). 
Combined application of Temik lOG and Brassicol also gave better 
results (Pandey and Singh, 1990). 
Phenamiphos (Smittle and Johnson, 198c:) and aldicarb 
(Reddy and Singh, 1983) controlled Meloidoqyne incognita and 
increased yeild of french bean (Phaseolus vulgaris). Reddy, 1985 
a,b reported that fenamiphos was more effective than aldicarb and 
carbofuran in controlling M. incognita on pea plant. Sharma and 
Trivedi (1985) found fensulfothion, aldicarb or cytrolane most 
effective in controlling M. incognii^a and increasing the number of 
nodules on pea plant. Fensulfothin Tollowed by aldicarb and gamma 
BHC reduced, root-knot index on pigean pea, (Jaiswal et^  al. . 
1987). 
I 
I 
Chemical control cf the reniform nematode, 
Rotvlenchulus reniformis has been quite successful and- a number 
of nematicides have been evaluated (Birchfield, 1968; Birchfield 
and Martin, 1968; Reddy and Sesadc:ri, 1972; Singh and Prasad, 
1973,1974; fibdelRahman et. ai-, 197A; Birchfield and William, 1974; 
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Krishnaprasad et^  al. , 1977; Jaiswal et. al • , 1987). 
Effectiveness of certain carbamate and phosphated 
nernaticides in reducing the soil population density of 
Rotvlenchulus reniforrnis on different crops has been demonstrated 
by Birchfield and Pinkard, 1964; Birchfield, 1968; 1971, Oteifa et. 
al. , 1970; Thames et. ai_. , 1970, fllarn and Khan, 1983; KrishnaRao et. 
al. , 1987. fllam and Khan (1983) reported that VC 13, Vydate and 
Dasomet were effective against R.. reniformis on tomato, okra, 
cabbage (Brassica oleracea L.var.capitata L.), and cauliflower (B. 
oleracea L. var. botryt is). The results of VC 13 were most 
promising on tomato and egg plant while Vydate was efficacious on 
okra, cabbage w and cauliflower. KrishnaRao et. al.. (1987) observed 
that aldicarb and carbofuran were more effective in reducing the 
reniform population and increasing the growth of okra plant as 
compared to ethoprophos and UC- 5A££9. 
The effect of aldicarb, dazomet, carbofuran, 
thionazin, phorate, fensulfothion, disulfoton, dimethoate, Mocap, 
terbufos, ethoprophos, isophenphos phenamiphos and oxamyl on R. 
reniformis were studied on mung bsan (Singh and Prasad, 1973; 
Patel and Thakar, 1986); soybean (Bi-chfield and Williams, 1974); 
chick pea (Mahapatra and Padhi, 1986) ; pi geon pea (Jaiswal et. al. , 
1987) french bean (Padhi and Mishra, 1987); garden pea (Sundararn 
and Velayutham, 1988). fill the nernaticides were effective in 
reducing the nematode population and increasing the yield. 
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e. 2. 2 MANAGEMENT BY BIOLOGICAL METHODS 
The exploitation of a living organism for reducing 
pest populations can be termed as biological control <Swarup and 
Gokte, 19a&). Many natural enemies attack plant - parasitic 
nematodes in soil and reduce their populations. Literature 
pertaining to antagonistic organisms of plant nematodes has 
recieved attentions of several reviewers (Mankau, 1981; Jatala, 
1986; Swarup and Gokte, 1986; Khan, 1990). The present review is 
delimited to the efficacy of fungal biocontrol agents for the 
management of plant nematodes. 
2.2-2.1 Fungal Biocontrol Agents 
It has been known for sometimes that the 
nematode populations are naturally contained and consequently the 
disease incidence reduced, but the actual mechanisms involved, 
however, are not adequately understood. AvailalDle knowledge 
indicates that the phytoparasitic nematodes have many natural 
enemies including fungi, (Kerry, 1980; Gaspard and lankau, 1986; 
Rodriguez- Kabana and Morgon- Jones, 1988), bacteria (Sayre, 1980; 
Sturhan, 1988; Fattah et. aX-, 1989; Stirling et. al.. 1990), and 
predacious nematodes (Mankau, 1980; Bilgr-^ ami and Jairajpuri, 
1989). Antagonistic interactions between fungi and iiematodes have 
been known to occur, in agricultural soils, for many years 
(Barron, 1977; Mankau, 1980). Fungi that destroy nematodes occur 
in most of the soils and, undoubtedly, play an important role in 
regulating nematode populations. Fungi possessing the capacity of 
destroying or deleteriously affecting the nematodes, vary both in 
their biology as well as taxonomy. They consist of a great variety 
of forms which include endoparasitic fungi, Meria coniospora 
(Jansson et. al. , 1985 a, b ) ; Hirsutella rhossi 1 iensis (Eayre et_ 
al. , 1987; Jaffee et. aj^. , 1989); nematophagus fungi, 
Plrthrobotrys, Dactylaria, Monascropor ium. Nematoctonus (Mankau; 
1961; Cayrol and Brun, 1975; Gaspard and Mankau, 1986); and the 
fungi parasitic to the eggs and the cysts, Paecilomyces 1 i1acinus 
(Jatala et. al. , 1979) ; Vert ici 11 iurn ch 1 amydosporium (Morgon- Jones 
et al., 1981), flcrophialophora fusispora (Husain, 1988) . 
Recent studies have indicated the existence of 
opportunistic soil fungi capable of colonising nematode 
reproductive structures and deleteriously affecting their life 
cycles (Rodriguez- Kabana and Morgon-Jones, 1988). Nematodes 
belonging to Heteroderidae (Globodera. Heterodera and 
Meloidopvne). at sedentary stages of their life cycles, are 
vulnerable to attack by these fungi either within the hcst plant 
roots or when exposed to the root surface within the scil. 
Association of microflora with the eggs, females or 
with the cysts of Heteroderidae was reported for the firsb time by 
Kuhn in 1877. He observed a fungus pathogenic to fenales of 
Heterodera schacht i and named it Tarichium auxi1iare (Kuhn 
1877,1881), now known as Catenaria auxiliaris (Kuhn) Tribe 
(Tribe, 1977). Korab (1929) implicated that a fungus., Torula 
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hf?teroderae (probably Phialophora rnalorurfi) caused the disease of 
eggs and juveniles of Heterodera schacht i. Vander Loan (1953, 1956) 
examined the cysts of Globodena rostochiensis and recorded a 
number of fungi associated with them. Similar investigations 
performed by Bursnall and Tribe (1974) and Graham and Stone 
(1975), with the cysts of Heterodera avenae and H. schacht ii. 
confirmed the regular occurrences of a number of fungi capable of 
invading them in the soil. Symptoms encountered included granular 
or shrivelled eggs, black eggs containing spore like bodies, and 
eggs with contorted juveniles (Morgan-Jones and Rodreguez-
Kabana,1987). ft number of mycological surveys of heteroderid 
nematodes conducted in the last decade (Morgan-Jones etal. , 
1981,1984, a, b, 1986; Morgan-Jones and Rodriguez-kabana, 1981; 
Ginitis et. al_. , 198£, 1983; Godoy et. ai.. , 1983; Dackman and 
Nordring-Hertz, 1985; Carris et. al_, , 1986; Rodriguez-Kabana and 
Morgan- Jones,1988; Husain, 1988) confirmed that the cysts and the 
eggs were frequently colonized by fungi. 
Omong the most frequently encountered fuigi, found 
in significant numbers and associated with more than oie species 
of nematode, at^B the species of the genera, ncr em on ium. 
fllternaria. Catenaria. Cvlindrocarpon. Exophiala. Fusarium 
Gliocladium. Humicola, Nematophthora, Paecilomyces. Phpma, 
Pythium, and Verticil 1ium (Rodriguez-Kabana and Morgan-
Jones, 1988). Verticil H u m chlamydosporium parasitized M. arenaria 
females (Morgan-Jones gt. aj^. , 1984a) and the cysts of Heterodera 
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glycines (Ginitis et_ ai_. , 1983) . Kerry and Crump (1977) found a 
fungus Cy 1 i ridrocarpon destructans parasit i zing Heterc'd£3ra B.veria(B 
and H. schacht ii. and the same species was isolated from the cysts 
of Globodera rostochiensis (Morgan-Jones et. al. , 1986). flnother 
fungus Fusarium oxysporum has been isolated from G. 
rost och i ens is, G. pal lida (Goswarni and Rumpenhorst, 1978), H. 
q 1 ycines (Ginitis et. aj^. ,1983), and M. incognita (Morgon-Jones et_ 
al. , 1984b). 
The feasibility of utilizing selected opportunistic 
soil fungi capable of colonizing cysts and eggs for biocontrol of 
phytophagus nematodes is being explored (Stirling and Mankau, 
1979; Crurnp and Kerry, 1981,1983; Franco et. al_. , 1981 ; Kerry et 
al., 1984; Rodriguez-Kabana et_ al..1986; Husain, 1988; Khan and 
Husain 1988; ). Jatala et. al.,(1979), provided Paecilomyces 
1i1acinus to several nematologists through International 
Meloidoqyne Project for the trial, cind the data obtained revealed 
that this fungus adapted well iri varied climatic conditions and 
was effective in controlling root-knot nematodes under greenhouse 
and field conditions (Jatala,1985, :986; Shahzad and Gaffar,1987; 
Khan and Esfahani,1990). 
Majority of the eggs cif Meloidqyne incognita acrita 
ari potato roots collected by Jata3a et_ al. (1979) near Huanuco, 
Peru, were found infected with Paecilomyces 1i1 acinus. When the 
fungus was inoculated into nematode infected potato plants, it 
invaded the egg masses of Meloidoqyne, the cysts of Globodera 
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pal 1 ida, and infected 70-30:^ of the eggs and the cysts, 
respectively, and it also penetrated mature Meloidoqyne females. 
Under field conditions, infected potato plants, grown in plots 
treated with P_. 1 i lacinus. had significantly lower root gall 
index than those grown in plots which received the application of 
organic matter and the nematicides. 86"/. of the eggmasses obtained 
from plants grown in fungal treated plots were found to be 
infected with P.. 1 i lacinus, while 54"/ of the eggs were destroyed 
(Jatala et_ al. , 1980). In another experiment, on multiple and term 
effect of P. 1 i lacinus in controlling M. incogni ta, Jatala et. al. , 
(1981) found no difference iri root gall index on potato, grown iri 
fungus infested and non infested plots. On examination, non 
infested plots were found contaminated by £. 1ilacinus. 
Therefore, any difference in CDlony counts of samples obtained 
from the two plots was not noticed. They concluded that one time 
application of the fungus was sufficient for the establishment and 
reduction of nematodes. Noe e^ridi Sasser (1984) observed that £. 
1ilacinus increased the yield oF tomato and okra and lowered the 
population densities of M. incoqn Lta juveniles, at the mid season 
and at the beginning of the next season, in treated plots than in 
untreated plots. Villanueua and Davide (1984) reported that all 
the isolates of £. 1ilacinus. obtained from tomato, eggplant, and 
celery roots, significantly reduired the hatching. The juveniles of 
M. incoqni ta when exposed to the fungus resulted in reduced gall 
formation. The local P. 1 i laci nus isolate caused 63 to 8£'/. 
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reduction in gall formation when tomato roots were dipped in a 
fungal suspension before inoculating with 300 or l,00O M. 
incognita juveniles. They concluded that spore suspension of the 
fungus had greater control efficacy than mycelial suspension. 
Midha (1985) while inoculating with egg masses, eggs, or 
juveniles, found that the spores had some effect on the treatment 
where inoculum source was egg masses or eggs. This trend was 
evidenced in both, cowpea and mung. Sayre (1986) reported 
successful control of plant parasitic nematodes by P.. 1 i 1 acinus, 
and other fungal agents, Nemat o ph t h ora qynoph ila and Dactyleila 
ovi parasit ica. and a bacterium Pasteuria penetrans. Findings of 
several other studies indicated that artificial infestation of P. 
1i1acinus in soil significantly reduced the intensity of the 
disease caused by root—knot nematodes (Candanedo-Lay et. al. , 19a£"; 
Godoy et_ al. , 1983; Rodri guez-Kabana et_ al. , 1984; Roman and 
Rodriguez Marcano, 1985; Cabanillas ard Barker, 1986; Dube and 
Smart Jr, 1987; Sharma and Trivedi, igS": ) . 
Khan and Esfahani (1990) observed that simultaneous 
or sequential inoculations where P. 1i1 acinus was added prior to 
M. .lavanica were more effective in controlling the nematode on 
tomato than when nematodes preceded the fungus. Root galling and 
egg mass production was greatly reduced in the presence of the 
fungus. 
The influences of inoculum levels of Paeci1omyces 
1 i 1 acinus on bio-control of root-knot riematodes have also been 
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studied. Sharrna and Trivedi (1989) observed that the higher doses 
of fungus <75grn) reduced root galling on brinjal significantly. 
There was 3A, 75, 87 and 91 percent reductions in nematode number 
on rice plants treated with 1,5,15 and 75 g doses of fungus, 
infected rice, respectively. Cabanillos and Barker (1989) 
evaluated the effect of inoculum levels and time of application 
of P. 1ilacinus on the proteQtion of tomato against M. incognita. 
The best protection against [^, incognita was attained with 10 and 
20 g of fungus infested wheat kernels per microplot which resulted 
in a three fold and four fold increase in tomato yield, 
respectively, compared to plants treated with nematode alone. 
Greatest protection against the pathogen was attained when P. 
1ilacinus was delivered into the soil 10 days prior to, and at the 
time of planting. Percentage of P. li lacinus in'ected egg masses 
was greatest in plots treated at mid-season or at midseason plus 
an early application, compared with plots treated with fungus lO 
days before planting and/or at the planting time. During inculum 
level studies it was found that 1 or £ g/pot of P. lilacinus 
significantly reduced the damage caused by R. i'eniformis (Khan 
and Husain, 1986). 
Effect of P. .1 i lacinus as a bioccmtrol agent in 
combination with other cont)-ol measures has alsci been evaluated 
by Dickson and Mitchell, 1985; Shahzad and Gaffar, 1987; 
Meheshwari and Mani, 1988; Dube, 1989; Zaki and Bhatti, 1990. 
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2.2.2-1.1 With Nematicide 
Shahzad and Gaffar (1987) observed that P. 
1ilacirms alone and in combination with Furadan gave good results 
in reducing M. incognita infection by more than 40"/. in rnung and by 
about GO'/' in okra. Furadan at the rate of 1 kg a. i. /ha was found 
to be less effective than P. 1i1acinus. After harvest, when gram 
was planted in the treated plots for next cropping season, P. 
1i1acinus continued to show its effectiveness in reducing root-
knot infection, but Furadan alone failed to give significant 
reduction in root-knot index over control. 
2.2.2.1.2 With Bacteria 
When the inocula of £. 1i1acinus and Pasteuria 
penetrans were used together, suppression in root-knot index, 
nematode population, and host infection was found significant as 
compared to the treatments where bio—control agents alone were 
used on tomato (Meheswari and Mani, ISSB) and on mung (Shahzad et, 
al. , 1990). 
2.2.2.1.3 With Organic Amendments 
Dube (1989) reported thai in rnicroplots, cattle 
manure and £. 1i1acinus significantly reduced nematode population 
densities, and increased the yeild of field* bean by 5Z'A. 
Application of £. 1ilacinus. cultured on gram seed (Ag/kg soil) 
and castor leaves (40g/kg soil), at the optimum fertilizer dose 
(N=75, P=25 and K=37.5 kg/ha) was found better in reducing M. 
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lavariica population and increasing plant growth and yield than 
when either of them were used alone. Reduction in gall index; in 
number of second-stage juveniles, eggs per egg mass, egg 
destruction; and in egg mass infection was maximum when castor 
leaves and fungus were added 15 days prior to transplanting and 
by applying optimum fertilizer dose <Zaki Arid Bhatti, 1990). 
The effectiveness of P.. 1 i 1 acinus in managing other 
phytoparasit ic nematodes, e.g., Globodera pall i da (Franco et. al. , 
1981), Tylerichul us semi penetrans (Her r era et_ al. . 1985), Nacobbus 
aberrans (Sisler de et al., 1985) and Rot v1enchu1us reni formis 
(Khan and Husain, 1986) affecting important crops has been 
determined. Parvatha Reddy and Khan (1989) reported that 
inoculation of brinjal plants with P. 1i1acinus, grown on Ag 
sterilized f'ice, was effective in increasing plant heights and 
root weight and in reducing the R^. reni formis population, both in 
soil and in roots. Lowest reproduction factor and i ncr ea*jed 
percentage of males was obtained by the fungus. P. lilacinus 
infected both eggs and mature females of the reni form nematod*?s. 
fipplication of P.. 1 i lacinus. at the rate of £g mycelium per pt»t, 
was significantly beneficial in reducing plant damage caused by 
Rotylenchulus reniformis (Khan and Husain, 1990). 
Ort the other hand, contrary to the above findivigs 
artificial infestation of soil with P. 1ilacinus caused little or 
no reduction in Meloidoqyne numbers (Cayrol et_ al. , 1962; Frei.re 
and Bridge, 1985; Dickson and Mitchell, 1985; Hewlett et. al. , 
33 
1988; Gaspard et_ al_ .,1990 a, b) . flccordirig to Dickson and 
Mitchell, <1985), P.. li lacinus is largely ineffective for the 
management of Meloidogyne lavanica on tomato. Hewlett et_ al. , 
(1988) did not find any difference in yield and gall ratings 
between treatments with the nematode alone and those with the 
nematode plus fungus (P. 11 lacinus) • Gaspard et. al. , < 1990a, b) 
observed that £. 1ilacinus and Vertici11lum ch1amydosporium have 
only minimal role in regulating M.incognita and suppressing its 
population in California tomato fields. 
During a survey of Heteroderid nematodes m Northern 
India, <Husain, 1988) the females of M- incognita,isolated from 
tomato roots, were found parasitised by a fungus, ftcrophia1ophora 
fusispora. Later on, he tested the efficiency of fungus as a 
biocontrol agent and found it to be effective in parasitizing 
females, cysts, eggs and larvae of certain Heterodera and 
Meloidogyne species. When incorporated into the soil, it improved 
the growth of M. incognita infected tomato plants, and reduced the 
nematode multiplication and root-knot index. Its performance tc 
act as the biocontrol agent was next to Baci1lus sp. This is the 
only report about efficacious nature of ft. fusispora against any 
nematode. 
2.2_3 MANAGEMENT BY ORGftNIC AMENDMENTS 
a.a.3.1 Plant Extracts 
Several workers have advocated the use of plant 
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parts arid their products for managing nematode problems (Ochse and 
Brewton, 1954; Rohde and Jenkins 1958; Sayre et^  al. , 1964; Yuhara, 
1971 a, b; Miller et_ al^ . , 1973; Gomrners, 1972; Toida and Moriyama, 
1978; Haroon and Smart Jr, 1983; fllarn, 1986; Stephan and ftl-
Rskari, 1989; Khanna, 1991). These amendments might produce toxic 
principles, responsible for the reduction of nematode population, 
as has been shcmrt by the nem^t icidAl properties of wster extracts 
of flnaqallis arvensis (Nene and Thapliyal, 1966); Eriperon 
1ini fo1i us (Nene and Kumar, 1967) ; He1eni urn sp. and Gailardia sp. 
(Gommers, 197£); Phased us vulgaris, Nicot iana tabacum (Miller et. 
al-,1973); flzadirachta and Taqetes erect a (filam et. aj_. , 1975); 
Chenopodium ant h e1m i nt i cum, Tamarindus indica, and Cuscuta reflexa 
(Husain and Masood, 1975) ; .Citrus medica (Khamed and Shapovol, 
1977) ; Taqetes .lal isciensis (Castro and Munos, 198E:) ; ftrqemone 
mexicana and Ql 1 ium sat ivum (Nath et_ al. , 19a£, a, b. ) ; Amaranth us 
qracilis. Chenopodium album and Ricinus communis (Nandal and 
Bhatti, 1983); I pomoea carinea (Nikure and Lanjewar, 1983); 
Cymbopoqon f lexuosus (Tiy^gi et. al_. , 1986); Haploi)hyl Ium 
tuberculatum (Stephan and fil ftskari, 1989), and Ocimum sand urn and 
Thu.ia oriental is (Fazal and Husain, 1991b). 
Leaf extracts of flloe barbedens, f^rinoriB sc uamosa 
ftrtabotrvs odorat issimus, flzadirachta indica, Chenopod ium 
anthelmint icum. Chrysanthemum, Jasminum arborescens, Tamfirindus 
indica, Taqetes erecta, Nicot iana tabacum. Eucalyptus, Psidium 
qua.iava, Lantana; seed extract of Ozadirachta indica, Momordica 
charantia, Phaseolus lunatus, Tr i chosant hes anguiria, marigold, 
white gourd (Beriincasa hispida) , melon (Citrul 1 us lanat us) ; flowe^r 
extracts of Cuscuta reflexa; root extracts of Carica papaya, 
Centrosema pubescens. Chrornolaema odorata, Cvnodon dactyl on. 
Eraqrost is tremula. Leucaena leucocephala. Mimosa pudica, Taqetes 
erect_a, bengal current, malabarnut tv^ee (Odhatoda yasica) ; tuber 
extracts of nut grass (Cyperus rotundus); and bark extracts of 
PI 1 bi z ia lebbeck, Ozad irachta indica, Cal 1 istemon citrinus. Cord i a 
myxa, De1oni x reqia, Jacaranda mimosi folia, Ki qe11a pinnata, 
Lawsonia inerwis. Mi 1let ia ovalifolla. Morus alba, Psidium 
qua.lava, Syzyq i urn cumini . Tabernaemontarisi. di varicata. tested so 
far showed marked inhibitory effects on the egg hatching of 
Meloidoqyne incoqnita. (Husain and Masood, 1375 b; Husain et 
al.,1377; Haon and Davied, 1973; Chattopadhya and Mukhopadhyaya, 
1983; Jabri gt. al- , 1331; Majumder and Mishra, 1331). 
On the other hand, leaf extracts of Qcorus calamus, 
Oqerat um cony rro ides, Amaranth us qraci lis, flnacard i um occidental is, 
Orqr?rnone mex icana. Qzad irachta indica. Bouqainvi 1 lea spectabi 1 is . 
Calotropis procera. Cannabis sat iva, Chenopodi um alb um. C. muralg, 
Clerodendron enermi. Datura stramoni um, Eucalypt us citriodera, E. 
hybr ida. I pornoea c^\"riBa, Neri um indicum. N. oleander, Ocimu'n 
sanct um, Partheni um hysterophorus. Plumeria rubra, Ririnus 
communis, Taqetes erecta, T. pat u la, Thu.ia oriental is. Tribulus 
terrestris, Vernonia cineraria, Vinca rosea, Xanthium strumarium; 
flower extracts of I pornoea cMlIiE^i Vinca rosea; inflorescence 
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extracts of Ocirnurn sanct urn; fruit extracts of Neriurn indie urn, 
Thu.ia oriental is; fruit skin extracts of Citrus ret iculata, 
Mornord ica char ant ia; stern extracts of Ocirnurn sanctum, Th u.i a 
oriental is; root extracts of Qroernone mexicana, Thu.ia oriental is, 
Ocirnurn sanct urn; seed extracts of Holarrhena ant idysentr ica, 
Vernon ia anthe 1 mint ic^ ; and bav^ k extracts of Ner i urn indicurn and 
PI urneria rubra^ showed different deg»"ees of nernat icidal activity 
on second-stage juveniles of root- knot nematodes, depending on 
time and concentration (Desai et_ al. , 1973; Vijayalakshrni et_ al. , 
1979; Nandal and Bhatti, 1983; Nikure and Lanjewar, 1983; 
Mukerjee, 19S4; flhrnad et al., 1990; Fazal and Husain, 1991b; 
Khanna, 1991). 
Water extracts of shoots of Artemisia pallens, ft. 
annua. Calendula officinal is, Chrysanthemum coronarium. Pah 1ia 
pinnat a, Dirnorphotheca sinuata, Lact uca sat iva; of roots of 
Pi git aria decurnbens; of root, sbern , leaves and flowers of Cosmos 
bi pinnatus. Eelipta alba, Gai1lardia picta. Sonchus oleraceus. 
Tithonia diversi folia. Z i nn i a eleqans; of leaves of Pat ura 
stramonium. Part h en i urn hyster pphorus, Taqetes erect a; of root 
exudates of Brass ica campestr is, Sesamurn or ientale, T. erecta, 
Vinca rosea; of root, and shoo-;s of flloe barbadensis, flrnrni rna.ius 
Glor iosa superba, Sci Ilia indica; of roots of Cole us arornat icus. 
Me?! issa officinal is. Ocirnurn ba sil icum, O. canurn, 0. qrat issimum, 
0. ki 1 irnandschar icum, 0. sanctum; of roots and leaves of 
Crotalaria spectabi 1 is. showed sitrong nernatotoxic activities that 
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killed root-knot nematode juveniles and inhibited the egg hatcing 
(Haseeb et. al.-, 1981; Haroon and Smart jr, 1983; Tiyagi et, al. . 
1985; Bano et. ai.. , 1986 a, b; Rao et. al, 1986; Pandey, 1990; Khan 
and Khan, 1989; Haseeb and Butool, 1990; Subramaniyan and 
Vadivalu, 1990). 
Extr-^acts taken from different plant plants of 
various species were also found equally effective against other 
phytoparasit ic nematodes, (Miller et. al_. , 1973; fllam et. al. , 
1975; Egunjobi and fifolami, 1976). Miller et. al.. , (1973) found 
that extracts of leaves of Phaseolus vulgaris; and Nicot iana 
tabacum were most toxic, while those of leaves of Zea mays, 
LycQpersicurn esculent urn, and Rhododendron calowbiense were less 
toxic to Tylenchorhvnchus dubius and Hoplolaimus spp. Root 
exudates of both rnay-gcisa (ft. indica) and marigold (T. erect a) were 
found toxic against Hcplolaimus indieus. He1icoty1enchus indicus, 
Rotylenchulus reniformis, Ty1ench orh ynch us brassicae, Tylenchus 
fi1i formis. and against the juvenile of Meloidoqyne incognita. 
They also checked juvenile hatching of M^ . incognita. Margosa root 
exudates proved to be more toxic to nematodes and good inhibitor^ 
to juvenile hatch thar marigold root exudates (Alam et. al. , 1975). 
Leaf extracts of Blun'ea lacera, flzadirachta indica, Chenopodium 
anthelraint icium, Jasminum arborescens. Taqetes erecta. Tamarind us 
indica. lemon (Citrus 1iwon); seed extracts of Brassica oleracea 
ya.r. capitata. Car ica papava, Cucurnis melo, Embel ia ribes, Lupinus 
albus, Momordica charant ia, Phaseolus lunatus. Trichosanthes 
angu ina., blacrk cumin (Ni qgl la sat i va) ; f lowe»" extracts of Cuscuta 
ir-'ef lena, Chenopodi urn ant he 1 rn i nt 1 cum; and ergot extract of 
Claviceps microcephala, demonstrated nematicidal activity and 
inhibited Heterodera mot h i juvenile hatching, however. 
He 1 i cot V1 ench us indie us was mov^e vulnerable than Tvlenchus 
fi1i form is and Ty 1 enchorhynch us brassicae to these extracts 
(Husain and Masood, 1975 a; Husain, 1977). Mortality rate of 
Rotylenchulus reniformis was greatest in the root extracts of 
Cannabis sat i va and Solanurn. hispidium and shoot extracts of 
Chenopodi urn arnbrosioides, C. sat i va, Mel ia azedarach, Nicot iana 
tabacum and S. h i spidi urn. Root extracts of C. ambrosioides, and 
shoot extracts of C. sat iva and N. tabacum were most toxic to 
Tyl enchorhynch us brassicae (Haseeb et. aj_. , 1978a). 
Water extracts of leaves of flnaoallis arvensi s. 
Onnona squamosa. Qloe barbadensis, Chenopodi urn anthelmint icuin. 
Jasmin urn arborescens. Taqetes erect a; seed extracts of Brassi'::a 
oleracea wa^r^. capitata, Carica papaya. Cucumis melo, Embel ia 
ribes. Lupin us albus, Phaseolus lunat us, Lin urn usitat issimum. Si ja 
cord ifolia, Trichosanthes anqiuna; flower extracts of Cuscu:a 
reflexa; ergot extracts of Claviceps microcephala, increased the 
mortality rate of Meloidogyne incognita and Rot y1ench u1 us 
reniformis. The mortality rate increased with the increase :.n 
concentration of extracts and the exposure periods (Mahrnood t3t_ 
al. . 1979; 198E; Haseeb et. ai-> I'SaS) , Tiyagi et. al.. , (1986/, 
while working with lemon grass (Cybopogon flexuosus found thcit 
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its leaf extracts were highly toxic to M. incognita , R. 
reni formis. T. brassicae. Hoplolaimus indicus and Helicotylenchus 
ind icus. These extracts also inhibited the egg hatch of M-
incognita. The same authors in 1988 reported that root exudates of 
Taqetes tenui fol ia were most toxic to R.- reni form is followed by T. 
brassicae and M, incognita. 
Water extracts of some of the plants that exhibited 
nematicidal properties have been used for improving crop 
productivity by controlling some major nematode pests and the 
diseases caused by them. Water extracts of P) 11 i urn sativum, 
flnacardi um Occident ale, ftndrographis paniculata Pinthocephal us 
cadamba. Pirqemone mexicana flzad irachta indica. Calendula 
officinal is, Calotropis spp. , C. procera. Cannabis sat iva. 
Cor iandrum sat i vum, Cyrnbopogon citrat us, Datura stramoni um. 
Eel i pta al ba, Enhydra f 1 uct uans, Eupatorium, Hannoa undulata, H. 
klaineana, Leaucaena 1eucocepha1a, Manq ifera indica, Martricaria 
chammoni11a, Mimosa pudica, Moringa pteryqosperma, Ocimum 
basi1icum, O. sanctum, Partheni um hysterophorus, Peristrophe 
bicalyculata. Pi per ni arum. Port ulaca oleracea, Ricinus communis, 
Solanum khasianam. Taqet is erecta. Thymus serphyllum. Tragia 
involucrata, Xanthium strurnar ium, Zinqi ber cif f icinale, reduced egg 
hatching, juvenile penetration, and development of root - knot 
nematodes. Root galling was signif icant". y inhibited and the 
growth of the host plant was significantly enhanced when the 
extracts were applied to the infected fields. (flbivardi, 1971; 
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Sukul et_ HLI- 5 1974; Mukherjee and Sukul, 1978; Chatterjee ar,d 
Sukul, 1980, 1981; Ram and Supta 1980; Chatterjee et. al.- , 13BS.-, 
Nath et. al. , 198£b; Prot and Kornprobst, 1983 a, b; Jain and Hasan, 
1984; Goswami and Vijyalakshmi, 1986 b; Majurnder and Mishra, 
1991). 
Plant extracts are reported to be equally effective 
in suppressing the population of various other plant parasitic 
nematodes when applied to the infested soils. Bommers (1972) 
reported that under field and glasshouse conditions twenty four 
plants of Heliantheae and Helenieae r^educed Pratylenchus penetrans 
population to a very low level. Hel inium and Gai Hard ia extracts 
were most effective. Leaves of Phaseolus vulqaris, Nicot iana 
tabacum and Lycopersicon esculent urn, when homogenised with the 
soil, significantly reduced Ty1enchorhynchus dubius population 
within 3 days (Miller et. al. . 1973). fipplication of homogenate 
leaves of Zea mays, Nicot iana t abacum, Hel ianth .is annuus, ficer 
saccharum. in the soil increased Pratylenchus penetrans mortality 
after 5 days (Miller et_ al. , 1973) . Egunjobi and ftfolami (1975, 
1976) reported that water extract of flsadirachta Indica leaves was 
toxic to Pratylenchus brachyurus in an invitro test. Boiled 
extract, however, was toxic within first 4h o" exposure, but 
addition of lime (Citrus aurant ifolia) juice reduced the toxicity. 
Addition of normal and/or boiled extract of lim? juice, to the 
soil, reduced the maize root population of P. brachyurus, and 
consequently increased grain yeild, plant hedght, and root 
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weight. 
In a pot experiment carried out by Jain and Hasan 
<1984) leaf, seed, and podshell extracts of Leucaena leucocephala 
were found toxic to Meliodoqyne incognita and He1icoty1enchus 
dihystera to varying degrees. Bhatti (1988) reported nematicidal 
act ivity of £05 differsrit plants against 5 different types af 
nematodes. Extracts of flchyranthes aspera and Phyllanthus niruri 
were most toxic to M. .lavanica followed by Croton spars if lor us and 
Vernonia cinerea; Cirsium arvense was most nematicidal against 
flnquina tr it ici f o 11 owed by ftzadirachta indica, Ocimum sanct urn 
and Tribal us terrestris, and Calotropis procera was most effective 
against Ty1ench us sem i penet rans followed by Cannabis sat iva. 
Pi qera arvensis and Chenopod i urn album. The extracts of ftchyranthes 
aspera and Cannabis sativa were nematicidal against Heterodera 
a.veri3.e, while that of Qxal is corn icu lata and Sol an um nigrum were 
effective against H. ca.iani followed by Eucalyptus naundina and 
Ocimum sanctum. He also analysed Calotropis procera, Chenopod iurn 
a 1 bum C. murale. Cvmbopoqon grasses, Pat ura stramonium, Nerium 
oleander. Ricinus communis and Xanth ium strumari um chemically for 
nematicidal principles. The essential oils of X.. str .tmarium, 
Cymbopogon and methonolic extracts of these plants ha/e been 
found to be active as being nematicides. Geraniol, methanol, 
cyclohexanol, their carbamates, acetates, butyrates and benzoates, 
and cylohexanone, 3- chloro- p- menthane and p-3- menthene have 
shown nematicidal action against second-stage juvineles of ft. 
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t Vit ici , M. .lavanica and H. ca.iani. Majumder et_ al. (1989) reported 
nernat icidal nature of flrqemone rnexicana^ Cannabis sat iva^ Pat ura 
met el and Neriurn indicurn against H. ca.iani, as their extracts 
either killed the nematode juveniles or reduced the ability to 
penetrate roots of cowpea when exposed to higher concentrations. 
2.2.3.2 Green Manuring 
Eversince the use of chopped pineapple (flnanas 
comosus) leaves, at the rate of 50-200 to control the incidence of 
root-knot (Meloidogyne spp. ) disease on cowpea (Viqna unquiculata) 
(Linford et_ al. , 1938), there has been a growing awareness among 
different workers to use green manure for the management of 
phytonematodes. Johnson (1959), reported reduction in severity of 
root-knot (Meloidogyne spp) disease on tomato (L. lycopersicum) 
by eleven crop residues incorporated into the soil. Duddington 
and Duthoit (1960) and Duddington et. al. (19S1) found reduction 
in cereal-root eelworm (Heterodera avenae) population with the 
incorporation of chopped cabbage (Brassica oleraceae capitata L. > 
leaves ((a680g/0. Sim"") into the infested soil. Hutchinson et. al. 
(1960) managed the population of Hoplolaimus. Ty1enchorhvnchus and 
Pratylenchus spp. by allowing pumpkin (Cucurbita pepo.L.) pieces 
to rot in the infested field. Patel and Desai (1964) tested five 
crop plants for green manuring in root-knot nematode (Meloidogyne 
spp) infested soil, and found that Melilot us alba var. annua 
Medik. and Sorghum vulgare Pers. were highly effective in reducing 
45 
the root-knot development. Application of alfalfa (Medicaqo 
sat iva) green manure in root-knot nematode infested field was 
found to be good nematode suppressant (Mankau, 1968). 
Application of different parts of various plant species 
significantly reduced the intensity of root-knot nematodes on a 
variety of plant species (Singh, 1965; Mankau, 1968; Hameed, 1970; 
Hsiseeb et_ al. , 1984; ftkhtar and ftlam 1990). Chopped green leaves 
of ftzadirachta indica. Cassia fistula. C. occidental is. Crotalaria 
.luncea. Datura stramonium. Mel ia azedarach. Pong ami a pinnata , 
Ricinus communis. Sesbania aculeata significantly reduced the 
population of Meloidoqyne .lavanica and the root-knot development 
(Singh, 1965; Singh and Sitaramaiah, 1967,1973; Zaiyad, 1977; Ram 
and Gupta, 1980, 1982; Gupta and Ram, 1981; Dutta and Bhatti, 1986 
a, b ;Jain and Bhatti, 1988; Zaki and Bhatti, 1989). Jain and 
Bhatti (1988) obtained maximum increase in shoot weight and length 
of tomato and minimum number of M, incognita galls, when neem 
(0. ind ica) leaves were allowed to degrade over a period of six 
weeks. Paruthi et_ al. , (1987) found that subabool (Leucaena 
leucocephala) leaves (i? 40g\ Kg), degraded for four weeks, 
resulted in minimum galling due to M. lavanica and better growth 
characters of okra (flbelmoschus esculentus) . Mulching of green 
leaves of pongamia (Ponqamia pinnata) and neem (ft. indica) into 
the soil significantly reduced the incidence of root-knot (M. 
incognita) and increased the leaf yield as well as growth of 
mulberry (Morus alba) (Govindaiah et. al. , 1989). fikhtar and filam 
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(1390) reported that (chopped leaves of Calotropis procera 
effectively suppressed the root-knot nematode (M. iricoqriita) 
incidence on tomato (L. 1ycopersicum) and chilli (Capsium annuum) 
followed by ftzad irachta indica, Ricinus communis., Mel ia azedarach 
and Lantana indica. Eucalyptus citriodora and Thu.ia sp. gave poor 
results while C1erod endr urn inerme was least effective. 
Application of various parts and dry organic matter of Crotalaria 
sp and Taqetes spp in infested soil was found to be good 
suppressant for M- hapla (Yahura 1971, a, b) . Chopped stem and 
leaves of Chenopod i urn a m br os i o i d es (Espinosa, 1980) and partially 
decayed and dried cocaopod husk (Egunjobi,1985) when incorporated 
into the soil reduced Meloidoqyne spp infestation. Main and 
Rodriguez (198£ a, b) pointed that spent coffee grind, Crotolaria 
sp, Pueraria lobata or Boehrneria nivea hays applied at IV-tw/w) 
were most effective in reducing root galling caused by M. arenaria 
ori Cucurbita pepo. 
fl number of indigeneous plants have been reported to 
be capable of managing the population of other phytoprasitic 
nematodes. Taylor and Murant <1966) managed the population of 
Long idorus elongat us by incorporating raspberry canes into the 
soil. flndreeva (1975) used Taqetes erecta , T. patula and 
Calendula officinal is as green manure for controlling stem 
nematode on strawberry. Later on, oat (Qyena. sat i va ), mustard 
(Brassica napus va^^. q lauca) , rye (Secale cereal e ) and maize (Zea 
mays) were found effective in reducing the nematode population 
when used as green manure crop (ftndreeva, 1983). Lai et. al.. (1377) 
noticed highest reduction in R^. reniforrnis population in pots 
amended with chopped leaves of Qzadirachta indiCB and Melia 
azedarach. Soil amended with chopped leaves of 35 different plants 
except that of Lycopersicon lycopercicum bv^ought about 
considerable reduction in the population of Hoplolaimus indicus, 
Tvlenchorhynchus brassicae, Ty1enchus fi1iformis and flphlenchus 
absari and growth of Sol an um nielonqena. The greatest reduction in 
the number of nematodes was found with Calotropis procera while 
Iresine herbst i i was highly effective in promoting the plant 
gv-^ owth (Haseeb et_ al_. , 1978) . In a similar study Haseeb et. al. 
(1984) found that highest reduction (ai.£4'/i) in the populations of 
tylenchids occurred in soils amended with chopped leaves of Mentha 
V i i-' i d i s followed by Cord i a nyx ia (80.495^). Chopped floral parts 
when applied to the infestted soil, increased the growth of 
aubergines and reduced the population build up of plant parasitic 
nematodes, the highest reduction was observed in soils amended 
with flowers of I res i ne her'bst i i (61.96'/) foil wed by Svzyqium 
cumini (61. £8-/.) (Haseeb ar.d filam. , 1984). filam (1986), while 
working on organic amendmerts in the form of^  chopped shoots of 
some weeds obtained significant reduction in the population build 
up of the root—knot nematode, M incognita and stunt nematode 
Tvlenchorhynchus brassicae c.n egg plant, cv PPL (S. melongena ). 
The most effective was the soil treated with Solanum 
xanthocarpum, followed by Calotropis procera. Datura metel , 
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Crot on boripl and i an urn and Orqernorie rnexicana. These tr^eatrnents also 
inhibited root galling, fllarn (1987) found that chopped leaves when 
incorporated into the naturally' infested soil effectively 
suppressed the population of plant parasitic nematodes and 
promoted the growth of tomato cv. Marglobe <L. lycopersicum ). 
Siddiqui et. al. (1987) managed the population build up of 
Rot V1enchu1 us reni formis and T. brassicae and root-knot 
development caused by M. incoqni ta by applying chopped shoots of 
certain latex bearing plants into the infested soil. Greatest 
reduction in nematode population and root—knot development was 
obtained in soil treated with Ficus elast ica. Soil application of 
Taqetes erect a , T. rninuta and T. tenuif ola plant wastes 
resulted in significant reduction in the population build up of 
R.. reni form is, T. brassicae. Hopl'iilaimus ind icus, Hel i cot yl ench us 
indicus and Tylenchus fi1i formis on tomato (L. lycopersicum) and 
egg plants (S. melonqena ) with corresponding increase in plant 
growth (Siddiqui and ftlam, 1988), flkhtar et. aJL-, (1990) observed 
the reduction in the popula;ion of Hoplolaimus indicus. 
He 1 i cot v 1 ench us indicus, T. f i '. i form is, R^. reni form is and M. 
incognita ori Phaseol us aureus by the application of Calotropis 
procera, Eichhornia crassipes, flzadirachta indica, Mel ia 
azedarach and Ricinus communis. 
Tiyagi et. al. (1988, 1991) evaluated certain members 
of the family Compositae for nematicidal potential against M. 
incognita and R_. reni f ormis chopped green shoot parts of Calendula 
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p-f f icirial is, Chrvsanthemurn covoriar i urn , Cosmos bi pirinatus, Dahl ia 
Pinnata, Gai 1 lardia picta. Sonchus oler^aceus. T it Hon i a 
d iversi folia and Zinnia eleqans Jacq. when applied to the infested 
soil, reduced the multiplication rate of these nematodes. 
2,2-3.3 Oil Cake 
Out of all the organic amendments tested so far, 
highly consistent and satisfactory nematode control has been 
achieved by amending the soil with oil cakes. Oil cake has got 
the greatest favour for the use in nematode population management 
by a large number of workers, particularly from India, due to its 
availability in bulk, together with the ease with which it could 
be applied, and also due to its effectiveness. Lear (1959); Mankau 
and Minteer (19S2); Miller and Taylor (1970) observed inhibitory 
effects of castor (Ricinus communis ) pomace application to soil 
against Meloidoqyne .lavanica. Heterodera schacht i i. H. tabacum and 
Ty lenchul us semi penetrans. however, i': efficacy was more 
pronounced in green house than in the field conditions (Mankau, 
19G3). 
Oil cakes of Kav^anja (Pong ami a pinnata), Mahua 
(Madhuca indica), Castor (Ricinus commun is), Mustard (Brassica 
napus var. qlauca), Neem (ftzadirachta ind .ca), Groundnut (flrachis 
hypoqaea) ,Linseed (Linum usit at issimum). Coconut (Cocos nuci fera) 
etc., when applied to the soil infested with root-knot nematode, 
reduced disease intensity on tomato, er,gplant, okra, chilli, 
tobacco and betelvine (Singh, 1965; Singh and Sitaramaiah, 1966; 
1971, 1973; Khan, 1969; Hameed, 1970; Goswami and Swarup, 1971; 
Srivastava et. a^. , 1971; Gowda, 1972; Mammen 1972; Gowda and 
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Shetty, 1973; Siddiqui et_ B1_. , 1976; Trivedi et_ ai-, 1978; Desai 
et al. , 1379; fllarn et_ al. , 1980; Goswarni and Vijayalakshami, 1983; 
Jagdale et_ al. , 1985 a, b; Verrna, 1986; arid Vi jayalakshrni and 
Goswarni, 1986). Haq et_ al • , (1986) obtained decreased population 
of nematodes and fungi in the soil, with groundnut oil-cake in the 
presence as well as in the absence of tomato. Bhattacharya and 
Goswami (1988) found that 4 percent and 1 percent dosages of neem 
and ground nut oil cakes, respectively, were the optimum doses 
for the control of M^. incognita on tomato. Spot application of 
neem, karanja, mahua, and castor oilseed cakes reduced M-_ 
incognita populations and the root-gall index, and increased the 
tomato yeild than in-furrow application more effectively. Spot 
application of neem cake recorded the highest yeild (Dareker et 
al., 1990). Soils amended with oil cakes of cotton, castor, 
linseed, mustard, sesame (Sesamum indicum) and wheat (Trit icum 
aest ivum) straw greatly suppressed the root-knot nematode 
population, and gall for-'mation, and increaseci the height as well 
as the yeild of tomato plants (Saifullah et. a_^ . , 1990). According 
to ParvathaReddy and Khan (1991), in-furrow application of neem, 
castor, ground nut and hongcake, signif icrant ly reduced root 
galling on okra due to M^, incognita, where vieem cake gave the 
least root knot index. 
Oil cakes effectively supprensed the root- knot 
development and the populations of other parasitic nematodes 
associated with vegetables and perennial crops (Khan gt. al., 1966; 
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1373, 197A a, b, 1979; Olarn and Khan 1974; Ismail et. gi.. , 1976; 
Siddiqui efc. aj.. 1976; filarn et_ al_, , 1977 a, c) . fllarn et. al.. (1977d, 
1980) observed poor multipiication of T^ brassicae on cabbage and 
cauliflower, and reduced galling by U^_ incognita on tomato, 
eggplant and chilli, when the seedlings were raised in soil 
treated with oilcakes and then transplanted to untreated soil. 
Oil cakes of ftzadirachta iridica, Madhuca indica, flrachis hypoqaea 
i^''d Ricinus communis significantly reduced the population of 
TyIenchorh ynch us brassicae, Hoplolaimus indieus. Helicotylenchus 
erythrinae and M^_ incognita in the rhisosphere of okra (Khan et 
aX. 1979). Reduced Rotylenchus reni formis population and increased 
growth of okra plants were recorded with the application of neem, 
karanja, and polang oilcakes in the infested soil (Rao et_ al. , 
1987). Oilcakes of neem, karanja, mahua, castor, mustard, and 
groundnut reduced the population of both endo-and ectoparasitic 
nematodes in the nurseries of grewia, papaya (Carica papaya), 
pomegrante (Punica graratum). mango (Manq i fera indica), blackberry 
(Belamcanda ch inensis). lemon (Citrus 1imon), bougainvi1 lea 
(Bouqainvi 1 lea spectah i 1 is) (Khan et_ al. , 1976; ft lam et. al. , 
1977a; Routaray and Das, 1988a; Darekar et. al.. ,1989). Picharya and 
Padhi(1988) obseryed significant reduction in M^ incognita 
population and in the number of galls, and obtained maximum number 
of marketable leaves of betelvine after neemcake treatment. 
Soil amendment with oilcakes was equally effective 
in reducing the population of both endo and ectoparasitic 
nematodes parasitizing rnung (Prasad et_ al. , 197£; Mishra and 
Prasad, 1974; Vijayalakshrni and Prasad, 1982); frenchbean (Padhi 
and Mishra, 1987), and chickpea (Cicer ar iet in urn) (Singh and 
Pandey, 1985; Pandey and Singh, 1990). Khan and Hussain (ISaS) 
reported that neern cake seed treatment of cowpea (Viqna 
uno'-iiculata) seeds significantly reduced the multiplication rate 
of t^i_ incognita and R^ y^er\i forrnis when present individually or 
concomitantly. However, the seeds treated with the ground nut -oil 
cake did not affect the multiplication of either of the nematode 
species. The germination of rnung (Viqna rad iata) remained un-
affected by neem cake but delayed and suppressed by neem oil 
(Vijayalakshrni and Goswami, 1986). However, both, the neem cake 
and the neem oil effectively reduced the rate of penetration of M. 
incognita. 
Water extracts of oiled and deoiltsd cakes and their 
distillates were found toxic to differeni; plant parasitic 
nematodes (Khan et_ al.-j 1966, 1974b; Siddiqui, 1969; Mishra and 
Prasad, 1973; filam, 1375; 01am et. al.. , 1978, 19.J2). The toxicity of 
water soluble fractions of oil cakes on the hatching of 
Meloidoqyne incognita has been studied by Khiin et_ al. , (1956, 
ig74b) ; filam et_ al.. , (1978) and Singh et^  ^ . » '1980). Lanjewar and 
Shukla (1986) reported larvicidal and ovicjdal properties of 
aqueous extracts of neem, karanja, mahua, groundnut, cotton, 
linseed, sesamum and kokam (Garcinia indica) oil-cakes. Eggs of 
M. incognita were more vulnerable to oil cakes than the juveniles. 
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The reduction in nematode populations as a result of oil-cake 
application might be due to accumulation of decomposing products 
like ammonia (Khan et. al. , 1974); fatty acids (Singh and 
Sitaramaiah, 1973; Sitaramaiah and Singh, 1978b); formaldehyde and 
other phenolic compounds (filam et. ai.. , 1977d, 1978, 1979, 1980; 
Sitaramaiah and Singh, 1978,a,b). These products either 
intoxicated the nematodes or increased the host plant resistance. 
Singh et. al.. , (1980, 1984) found that the roots of seedlings, 
raised fr<rim oil cake coated seeds contained higher phenolic 
contents that resulted in poor nematode multiplication. Mahmood 
and Baxena (1985) demonstrated that the plants grown in oil-cake 
amended soils contained higher concentrations of phenols which, 
probably, were responsible for some resistance in plants, against 
nematode infection. Bhattach.arya and Goswami (1987), while 
studying the role of micro- organisms in the decomposition of neem 
and ground nut oil cakes and their effects on penetration, 
development, and population buildup of M-_ incognita, found that 
oil cakes in unsterilised soil gave better results than 
sterilized soil, in terms o' plant response. In 1989, they 
concluded that microbial decomposition played a definite role in 
determining the efficacy of oil-cakes. Certain rhizosphere 
microflora which acted as stimulants, on addition of oil cakes, 
either became a part of :^he microbial population for 
decomposing oil-cakes or direct J.y affected nematodes by releasing 
toxic metabolites. Oil-cakes were equally effective in both 
winter arid summer seasons of India and also in two different soil 
types with high organic contents (pH 8.4) and with less organic 
content <pH 7.7). 
2.2-A MANAGEMENT BY INORGANIC FERTILIZER APPLICOTION 
Application of inorganic fertilizers in the form of 
N, P, arid K, either singly or in various combinations, produced 
variable effects on nematode populations. There are various 
reports indicating their nematotoxic properties on different crop 
plants (Bird, 1960; Ishibashi, 1970; Ram and Gupta,1982; Glazer 
and Orion 1984; Khan et_. al_. , 1986) ; while in certain cases, they 
considerably increased the rate of nematode multiplication 
(Tarjan, 1950; Kirkpatrick et.al. ,1964; Shubina, 1975; Tylka et. 
al. , 1988); while in still other cases inorganic; fertilizers did 
not show any remarkable effect on nematode populcttions (Collins et_ 
al.. 1971; Wi11 is, 1976). 
2.2-4.1 Suppressive Effect On Nematode Populatiovk 
£.2.4.1.1 Nitrogeneous fertilizers 
Various N-fert i 1 izers and f orrni lat ions possess 
nematotoxic properties. According to Bird (1960) the rate of 
development of Meloidogyne .lavanica was slow on roots of tomato 
grown at full dose of nitrogen than on plar-ts deficient in 
nitrogen. Toxic effects of nitrate, nitrite, oreanic nitrogen or 
ammonium compound against Pra^tylenchus penetrans was repor^ted by 
Walker and Post (1969), and Walker (1971). 
DO 
Urea when applied at a level of AOO lb N/acre 
increased plant growth and decreased root-knot incidence (Singh 
and Sitararnaiah, 1967, and 1973). Urea fertilizer suppressed 
populations of Hoplolairnus Cr^iconernoides and Belonolairnus (Nutter 
and Christie, 1958); Pratylenchus penetrans (Walker and Post, 
1969; Walker, 1971), and phytoparasitic nematodes in forest 
nursery (Sinchair, 1975), P.. penetrans, Tvl enchorhvnchus dubi us, 
and Hoplolairnus spp. (Miller, 1976) and Meloidoqyne sp. 
(Rodriguez-Kabana and King, 1980; Ram and Gupta 19S£; Roy, 1984, 
and Rodriguez-Kabana, 1986). Recording to Khan et_ aJL_. , (1986) the 
population of T. brassicae, Hoplolairnus indie us. He 1 i cot y 1 ench us 
indicus, flphelenchoides absari, Tylenchulus fi1iformis, and 
Meloidoqyne sp. decreased with increase in doses of urea on egg 
plant (Sol an urn melonqena) and okra (Obelmoschus esculent us) . Soil 
application of urea reduced the number of M. .lavanica galls on 
cowpea (V i q ria. unquiculata) (Verrna and Giupta, 1986), and 
Tylenchul us and C)r i conerno i des spp. population*; in the soil (Gupta 
1988). Kochba and Sarnish (1972) indicated thai thio-urea inhibited 
HI- .lavanica development on peach roots. Glaze'r and Orion (1984) 
found that urea and its derivatives hydrox>urea and thio-urea 
hampered giant cell formation and consequently decreased the 
population of M. lavanica in tomato (L. 1 vcope;rsicum) roots. 
Several investigators have sugge-sted and presented 
some preliminary evidence that ammonia, as a product of 
decomposition, could be the nematicidai principle (Eno et_ 
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al_. ,1955; Mankau and Minteer, 196£; Vassallo, 1967). Toxic effects 
of ammonia on Heterodera tabacurn were reported by Miller and 
Wihrheium (ig&G) and Miller et. al_. , (19&8), and on Pratylenchus 
penetrans by Walker et. al. , (1967). fin exposure of 800 ppm of NH3 
for 3iri hour was sufficient to kill Pratylenchus penetrans placed 
in a drop of water (Walker and Mavrodineau,. 1967). Detrimental 
effects of N H T generating fertilizers were seen on Criconemoides 
xenoplax by Mojtahedi and Lownsbery (1976). Rodriguez-Kabana 
(1985) found that anhydrous ammonia reduced soil population of 
Tylenchorhynchus c1ayt on i, He1i cot y1ench us dihystera and 
Heterodera glycines. Soil ammended with ammonium sulphate as a 
source of nitrogenous fertilizers proved effective to check the 
populations of Xiph inerna ameri can urn (Lownsberry and Mitchell, 
1965), M. .lavanica (Sitaramaiah and Singh, 1969), Pratylenchus 
penetrans (Walker and Post 1969, Walker, 1971), M. incognita, R. 
reniformis and Ty lenchorhynchus Ijrassicae (Pant et_ aj.. , 1983; 
Siddiqui and ftlam, 1990). Other sources of ammoniacal nitrogen 
such as ammonium chloride had t:"xic effects against root-knot 
nematodes (Sitaramaiah and Singh, 1969; Spiegel et_ al. , 198S) on 
okra (A. esculentus) , and tomato (L. lycopersicum); ammonium 
nitrate against M. .lavanica in ok»*a (ft. esculent us). and tomato 
(L. 1 vcopersicum) roots (Sitaram^iiah and Singh, 1959), and M-
incognita on tomato (L. lycopersicim) roots (Orion et. al. , 1980) ; 
ammonium carbonate and ammonium hydroxide against £. penetrans 
(Walkev^ and Post, 1969 ; Walker, l?i71); calcium ammonium nitrate 
against M. .lavanica on okra (ft- esculent us) , and tomato (L. 
1ycopersicum) (Sitramaiah and Singh, 196S). 
Detrimental effects of other forms of inorganic 
nitrogens such as calcium nitrate to M. incognita (Mankau and 
Dass, 1974); Heterodera BVBriB.e <Juhl, 1975); Tylenchus and 
Criconemoides (Gupta, 1988); sodium nitrate to M. .lavanica in okra 
(0. esculent us) and tomato (L. 1ycopersicum) ; potassium nitrate 
and sodium nitrite to £. penetrans (Walker and Post, 1969, Walker 
1971), have been reported. 
Sen and DasSupta (1983) demonstrated that the 
combination of urea, basic slag and muriate of potash at the NPK 
ratio of 1£0:&0:60, repectively, proved best among various 
combinations of different NPK fertilizers on M.incognita infesting 
brinjal. Mishra and Gupta (199£:) observed reduction in the 
population of phytonematodes associated with soybean (61ycine max) 
with the application of N and P, and N and K oi'mbinat ions. 
Mel idoqyne .lavanica hatching was considerably 
retarded by certain inorganic nitrogen amendnents. In urea or 
ammonium nitrate solutions there was no emergence of juveniles 
while in ammonium sulphate the emergence was too low (Yousif and 
Badra, 1981). Grosse and Decker (1984) found that 0.03'/. solutions 
of calcium ammonium nitrate, ammonium phosphatt?, ammonium nitrate, 
or ammonium sulphate completely prevented or drastically reduced 
the hatching of Heterodera avenae juveniles in soil infested with 
it. Juvenile hatching was considerably retarded even at O. 003/i 
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concentration of ur^ea. Inhibition of H. avenae juvenile hatching 
due to nitrogenous fertilizers was proved in both pot as well as 
field trials. 
The soils amended with ammonium sulphate, as a 
source of inorganic nitrogen, had toxic effects against R.. 
reniformis on okra, (fl.esculent urn) (Sivakumar and Meersainuddin, 
1974); tomato (L. lycopersicum) (Badra, 1980); tomato (L. 
1 ycopersicum) arid eggplant (S. melonqena) (Siddiqui and ftlam, 
1990). Birchfield and Parr (1969) noted reduction in the 
population of R^. reni form is on soybean (G. max) by adding urea and 
anhydrous ammonia. fit higher doses of ammonium sulphate the 
population of R. reni formis was not only eliminated from the soil 
but also from the roots. The male to female ratio was also 
seriously affected (Badra, 1980). 
2. 2. 4.1. £ Phosphatic fertilizers 
P-ferti1isers added to the soil reduced the 
population of plant parasitic nematodes (Birat, 1963; Martin and 
VanGundy, 1963, Smith and Kaplan, 1988). Birat (1963) noted a 
decrease in root-knot nematode development and reproduction with 
ari increase in phosphorus level in soil. Soil population densities 
of Tylenchulus sem i penet rans were lower, at a concentration of 
phosphorus greater than 0. 3"/., on sweet orange (Citrus sinensis) 
(Martin and VanGundy, 1963). Smith and Kaplan (1988) indicated 
that higher doses of phosphorus decreased the population of 
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R a d o p h o l u s c i t r o p h i 1 us i r i r o o t s o f r o u g h le rnon s e e d l i n g s ( C i t r u s 
1 i m o n ) . 
P h o s p h o r u s when a p p l i e d t o t h e s o i l i n e x c e s s , 
r e s u l t e d i n p o o r d i s e a s e d e v e l o p m e n t and r e d u c e d M e l i o d o q y n e 
i n c o g n i t a p o p u l a t i o n ( I s h i b a s h i et^ a i . - j 1 9 6 4 ; I s h i b a s h i , 1970) ; 
r e d u c t i o n i n number o f M. , i a v a n i c a i n d u c e d g a l l s on c h i c k pea 
( C i c e r a r i e t inurn) (Ram a n d G u p t a , 1 9 8 2 ) ; s i g n i f i c a n t d e c r e a s e i n 
M. i n c o g n i t a p o p u l a t i o n o n t o m a t o ( L . 1 y c o p e r s i c u m ) (Pan t et_ a l . , 
1 9 8 3 ) ; l o w e r i n g t h e n u m b e r o f e g g s p e r egg mass o f M. j^v&rtica on 
cowpea (V. u n q u i c u l a t a ) (Ve rma and G u p t a , 1 9 8 6 ) . P h o s p h o r u s 
t o x i c t y t o M. . T a v a n i c a was r e p o r t e d by Z a k i a n d B h a t t i ( 1 9 8 9 ) . They 
c o n c l u d e d t h a t p h o s p h o r u s p l a y e d a v i t a l r o l e i n i n c r e a s i n g p l a n t 
gv^owth and d e c r e a s i n g g a l l i n d e x on t o m a t o ( L . l y c o p e r s i c u m ) . 
The t o x i c e f f e c t s o f h i g h e r d o s e s o f p h o s p h o r u s w e r e 
a l s o r e p o r t e d on R o t y 1 e n c h u 1 us r e n i f o r m i s i n f e s t i n g o k r a (f t . 
e s c u l e n t us) and t o m a t o ( L . l y c o p e r s i c u m ) . The p h o s p h a t i c 
f e r t i l i z e r i n c r e a s e d t h e n e m a t o d e p o p u l a t i o n ( S i v a k u m a r and 
M e e r z a i n u d d i n , 1 9 7 4 ; B a d r a a n d E l a b a r y , 1 9 7 8 ) . 
2 - 2 - 4 . 1 . 3 Potassium f e r t i l i z e r ' 
The r e l a t i o n s h i p b e t w e e n p o t a s s i u m n u t r i e n t and t h e 
d e v e l o p m e n t o f p l a n t p a r a s i t i c n e m a t o d e s h a s b e e n a s u b j e c t o f 
much s p e c u l a t i o n e v e r s i n c e , B e s s y (1911) o b s e r v e d t h a t a d d i t i o n a l 
p o t a s s i u m e n a b l e d i n f e c t e d p l a n t s t o p r o d u c e a g o o d c r o p i n s p i t e 
o f t h e p r e s e n c e o f n e m a t o d e s . H i g h e r d o s e s o f p o t a s s i u m 
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fertilisers reduced the damages to lima beans (Phaseolus 1 uriatus) 
resulting from Meloidogyne incognita infection (Oteifa, 195£); 
brought down significantly the number and size of M. incognita and 
M. TavBriicB galls on tomato (L. lycopersicum) roots (Mukhopadhyaya 
and Prasad, 1968 ) ; retarted M.incognita development (Ishibashi, 
1970); and reduced root galling 3.rid number of eggs per egg mass on 
chick pea <C. ariet inum) and cowpea (V. unguiculata) (Ram and 
Gupta 1982; Verma and Bupta, 1986). Moreover, Spiegel e^ al. , 
(1982) reported ari increase in the male population of M. .lavanica 
on tomato (L. lycopersicum) plants with an increase in the 
potassium level. Zaki and Bhatti (1989) observed that the 
oviposit ion of M. .lavanica infecting tomato (L> 1 ycopers i cum) was 
changed due to the presence of potassium. 
With the additional supply of potassium, 
Rotylenchulus reniformis population was drastically decreased on 
okra (fi. esculent us) (Sivakumar and Meereainuddin, 1974). 
The lowest population of Heterodera ca.iani on cowpea 
(V. unguiculata) was recorded when potassium was present either 
singly or in combination with N or P, and N and P. The order of 
total cyst population and cyst per gram "oot was noted as -K, <KN, 
(KP, <KPN <P (PN <N control (Devi and GuDta, 1992). 
2.S.4.2 Stimulatory Effect On Nematode Population 
2.2.4-2.1 Nitrogenous fertilizers 
Shands and Crittenden (1957) observed that the rate 
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of penetration of Meloidoqyne incognita acrita juveniles in 
soybean (G.max) , enhanced with an increase in nitrogen that 
resulted in increased root galling. Root-knot nematode 
penetration and their development in excised roots was better when 
the macronutrient concentration was increased in the medium 
(McClure and Viglierchio,1966). flppication of nitrogen increased 
the number of M. incognita larvae (Mukhopadhyaya and Prasad, 1966; 
Ishibashi, 1970); enhanched the growth rate M. .lavanica 
(Bird,1970); greatly favoured the formation of M-javanj^^ galls on 
tomato <L. lycopersicum) (Gupta and Mukhopadhyaya,1971), and 
M. incognita development increased on okr^ a (fi. esculent us) (Haque 
et al. , 197£) . 
Application of nitrogenous fertilizers increased the 
soil population of Pratvlenchus spp. (Tarjan, 1950); Heterodera 
glycines (Ross, 1959); Tv 1 enchorhynchus lotus (Oteifa et. al. , 1965) ; 
Ditylenchus dipsaci (Shubina, 1975) 
2.2.4.2.2 Phosphatic fertilizers 
Soil population of Meloidogyne incognita increased 
at higher doses of phosphorus (Haque et_ al. , 1972; Vein §t_ al. , 
1977). Smith et_ ai.. (1986) observed that M. incognita juveniles 
penetrated linearly in the roots of cotton seedlings with an 
increase 'in nematode inoculum densities. The penetration was 
favoured with an addition of super phosphate in the medium. 
Increase in phosphorus dosage also increased soil 
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population of Xi phirierna americanurn and Praty lenchus spp. 
(Kirkpatrick et_ ai, 19G4; Yeats, 197G) ; Tylgnchof-hynchus 
brassicae. Hoplolairnus indicus. He 1 i cot y 1 ench us indicus, 
Piphelenchoides absai-'i, Ty lenchus fill form is and Meloidoqvne spp. 
on eggplants (s. rnelonqena) , and okra (ft. esculent us (Khan et_ al. , 
1986). Tylka e^ al.. , (1988) obtained largest number of Heterodera 
glycines cysts on soybean (G. max) plants supplied with highest 
dose of phosphorus fertilizers. 
£.2. A. 2. 3 Potassium -fertilizers 
Oteifa (1951) found that the egg mass production of 
M- incognita considerably increased when the level of potassium 
supplied changed from low to medium but there was no further 
effect with further rise in potassium leyel in plants- Potassium 
when applied in excess favoured the rapid development and reprod 
uction of M. jjligognita and at the same time protected the plants to 
some extent from nematode injury (Oteifa, 1953). Rate of 
penetration of M. incognita juveniles and root galling was 
increased in soybean (G.max) when the doses of potassium were 
increased (Shands and Crittenden., 1957). Bird (1960) reported 
that excess of potassium favoured the development of M lavanica. 
The rate of development of M. incognita on cucumber (Cucumis 
sat ivus) (Marks and Sayre, 1964) ; on tomato (L. lycopersieum) 
(Davide and Triantaphyl loh, 1967; Pant et. a^-, 1983); on okra (R. 
esculent us), tomato (L. lycopersieum) and castor (R. communis) 
61 
(Haque et. aj_. , 1972; Ismail arrd Saxena, 1976; 1977; 1980), 
increased with an increase in potassium level. M. .lavanica and 
M.hapla did not show any correlation between rate of development 
and levels of potassium (Marks and Sayre, 1964). Balaji and 
Vaitheeswaran (19SS) found that the activity of M. incognita was 
inhibited in potassium deficient Hibiscus cannabinus. 
The rate of development of Roty 1 enchu 1 us reniforrnis 
was also increased with an increase in the supply of potassium 
fertilizers (Ismail and Saxena, 1980). 
Increased dosages of muriate of potash increased the 
population of Ty1enchorhyrchus brassicae , Hoplolaimus indicus, 
Helicotvlenchus indieus. Ophelenchoides absari. Tylenchus 
f i 1 i f orrnis and Weloidoqyrie spp. on eggplants (S. melonqena) and 
okra (fl. esculent us) (Khan et. al_. , 1986). Kincoid et_ al.. (1970) 
pointed out that higher doses of potassium fertilisers favoured 
the development of M. incognita. Pratylenchus penetrans and P.. 
brachyurus. 
2.2.4.3 No Effect of Inorganic Fertilizers On Nematode Population 
There s^re few evidences to support the view that 
inorganic fertilizers have no effect on the population of plant 
Darasitic nematodes. Vijayalakshmi and Prasad (1982) reported that 
there was no significant reduction in the population of 
Ty1enchorhynchus spp., Helicotvlenchus spp., Hoplolaimus spp. , 
F?otylenchus spp. , Pratylenchus spp. , and Meloidoqyne spp. , when 
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N, P, and K were applied alorie. 
Collinis et_ al., (1971) was of the view that 
iriorganic fertilizers had Vio effect on the population of plant 
parastic nematodes. Similar results were obtained when potassium 
fertilizer was applied to red clover (Trifol i urn pratense) and 
alfalfa (Medicago sat iva.) plants infected with Pratylenchus 
penetrans (Willis, 197&). Gupta and Mukhopadhyaya (1971) concluded 
that phosphatic fertilizers had little effect in influencing 
M. .lavanica galls on tomato <L- lycopersicum) . 
2.2.5 INTEGRfiTED NEMOTODE MfiNflGEMENT 
It has, now, widely been realized that not a single 
measure provides an adequate solution to the problem arising from 
phytoparasitic nematodes, and that not a single method is free 
from limitations. Thus, there is a great scope of combining two or 
more control methods in a complementary manner. Thomason et, al. 
(1983) have suggested integrated nematode management technique as 
the beiit strategy for nematode management. In this direction 
considerable work has been carried out by many workers like 
Oostenbrink, 197£; Vein et_ al. , 1977; Vijayalakshrni and Prasad, 
198£; Fuelo, 1983; Verma and Gupta, 1986; Paruthi et. ai-, 1987; 
Jain and Bhatti, 1989. The literature on integrated nematode 
management has, also, been reviewed by Bird (1987), 
Melc'idoqyne incopnita populations were found to be 
reduced significantly by integration of different control methods, 
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such as aldicarb and nitrogerious fertilizers ; aldicarb and 
phosphatic fertilizers (Yem et_ al. , 1977); oilcake and 
nernat icides, (Vi jayalaksharni and Prasad, ig8£) ; chicken manure and 
aldicarb; mangold, aldicarb and compost (Ruelo, 1983); urea, N-
serve and Catinaria anquel 1ulae (Roy, 1984); carbofuran, neem cake 
and urea (Routaray and Sahoo, 1985); aldicarb two times a year 
plus cultivators practice; aldicarb two times a year plus 
inorganic fertilizers plus mulching the pepper with leaves 
(Venkitesan and Jacob, 1985); cultural practices (weeding, removal 
of stubbles, thinning) followed by crop rotation with paddy and 
wheat (Trit icurn aest ivum) (Mishra et, al_. , 1987) ; saw dust and 
ammonium sulphate (Siddiqui and fllam, 1990); and oil cakes and 
carbofuran (Parvatha Reddy and Khan, 1991). 
Soil amendment with saw dust, 3 weeks before 
planting followed by inorganic nitrogenous fertilizers with P and 
K, efffectiNely reduced Meloidogyne tavanica population on okra 
(Singh and Sitaramaiah, 1971). Ram and Gupta (1985) found a 
combination of neem (flzadirachta indica) leaves, potassium and 
/or aldicarti, significantly effective against M. lavanica on 
chickpea (Cic er arietinum) , On integration of the summer ploughing 
and aldicarb in uninfected seedlings gave maximum yield, while 
minimum fmcl M. .lavanica soil population was recorded in summer 
ploughings m t h aldicarb treated followed by summer ploughings 
plus spot application of aldicarb in non infected seedlings ab 
transplanting (Jam and Bhatti, 1985; 1989). Paruthi et. al. , (1987) 
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reported significant improvement in plant growth characters and 
reduction in number of galls and egg masses when su-babool 
(Leucaena leucocephala) leaves were supplemented with carbofuran. 
Integration of N, P and K with pesticides (Verma and Gupta., 1986) ; 
and with castor (Ricinus communis) leaves (Zaki and Bhatti-,1983) 
resulted in an enhanced plant growth and reduced M. .lavanica 
populat ions. 
ft minimum final population of M. lavanica was 
recorded in plots having advanced age tomato seedlings with 
aldicarb application at transplanting time followed by spot 
treatfijent with aldicarb, it^t-e^pect ive of the type of the seedlings 
(Jain and Bhatti, 1988). 
Green manuring with sunhemp (Crot alaria .i uncea) 
following bajra (Pe'-misetum tvphoides) and application of DBCP 
prior to tobacco (Nicot iana tabacum) planting reduced the 
population of Meloidoqyne sp. (Patel gt_ al_. , 1978). According to 
Rodriguez- Kabana et_ al.. (1988), in green house, soybean (Glycine 
max) meal along gith urea was most effective in controlling 
Meloidoqyne arenari-i on Cucurbita pepo. In microplots, soybean 
(§.• max), alongwith urea was as effective as aldicarb in 
controlling M. 3.reus.risi arid M. incognita on egg plant (Solanum 
melongena). cowpea (Vigna unquiculata). tobacco (Nicotiana 
tabacum). lima bean (Phaseolus lunatus). and gardenia (Gardenia 
.lasminoides) , and in improving the yield and appearance of the 
plants. 
Inorganic fertilizers in the form of N or P in 
addition to organic amendments significantly reduced the 
population of Rotylenchulus reni formis and improved the growth of 
tomato <L. 1 ycopersicurn) plants- Multiple treatments involving 
aldicarb and oxamyl alongwith pigeon droppings or poultry 
droppings, increased the growth of tomato plants And reduced the 
population of R.. reni forims <Badra and Elabary, 1978; Badra and 
Mohammed, 1979). KrishnaRao et. al. , <19a7) noticed that 
application of aldicarb plus neem cake followed by carbofuran 
plus neem cake proved most effective in reducing the R_. reni f ormis 
population and increasing growth of okra (Abelmoschus esculent us) 
plants. 
Hasan and Jain (199£') reported that application of 
Paeci 1 omyces 1 i 1 acinus cultu-^ed on sorghum (Sorghum vu 1 qare) 
seeds and addition of organic matters into the soil, two weeks 
prior to sowing of cowpea (V. ui'iquiculata) were more effective in 
reducing the incidence of Meloi Joqvne incognita and increasing the 
crop yeild than when used aloie- However, fungus and leucaena 
(Leucaena leucocephala) leave 5 combination was the best with 
regard to the increase in crop yeild, percent reduction in gall 
index, egg destruction and eggnass infection. Similarly, in the 
subsequent lucerne crop <withoui: any further amendment), the joint 
effects of the above treatm(?nt, in decreasing the nematode 
incidence were more pronounced as compared to the preceding cowpea 
crop. They concluded that, tc^  further enhance the biocontrol 
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efficiency and per^sistency of £, 1 i 1 acinus incorporation of 
organic matter into the soil is desirable. 
Paeci lornyces 1 i 1 acinus inoculation and Furadan or 
carbofuran application werr quite effective in lowering M. 
incognita population on mung (Vi qna radiata) and okra <Q. 
esculent us) (Shahsad and Ghaffar, 13B7), and R. reinformis 
population on tomato (L. 1ycopersicum) (Parvatha Reddy and Khan, 
1989). These treatments also improved plant growth. 
Meheswari and Mani (1388) reported that the combined 
application of the bacterium (Pasteuria penetrans) and fungus (P. 
1i1acinus) significantly reduced the host infection, and M. 
.lavanica population , and increased the dry shoot weight of 
tomato (L. 1ycopersicum) . Similar effects were observed on mung 
bean (V. rad iata) infected with M, javanica when the bacterium 
and the fungus were applied togt?ther (Shahzad et_ al. , 1990) 
The cyst population of Heterodera ^CEIl^S. decv^eased, significantly, 
and plant growth and yield of wheiit (T. aest ivum) increased by 
combined application of DBCP and ni;rogen <Bakuja et_ aj^ ,- 1978) and 
by early sowing in aldicarb treated nematode infested field 
<Bhatti et. al. . 1980) , 
2-2.6 MflNflGEMENT BY RESISTfiNCE BREF:DING 
During the last £-3 decades, considerable researches 
have been carried out to screen the germplasms of various crop 
plants including pulses, for nematode resistance- During the last 
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two decades considerable work has been done on the screening of 
cowpea (Viqna unquiculata) (Hare, 1959; flmosu, 1974; Canveness, 
1976; Olowe, 1976, 1981; Ogunfowora, 1981; Idowu and Dibah, 1987; 
Das et. al, 1988; Khan and Husain, 1989b); chickpea (Cicer 
arietirnurn) (Jarnal, 1976; Mani and Sethi, 1985; Khan and Khan, 
1987; Siddiqui and Husain, 199£b); green gram <V. radiata) 
(HuBsaini and Seshadri, 1976 ; Das and Phukan, 1982; Chavda et. al., 
1988; Chandraguru and Rajarajan, 1990); black gram (V. munqo) 
(Thakar and Patel, 1965; Routaray and Dass, 19a8b; Midha and 
Trivedi, 1988; Handa 1990); pigeon pea (Ca.Tanus caian) (Ngaurna and 
Saka, 1986; PinvBY- and filarn, 1989; Siddiqui et. 3JL_, 1991 ) ; pea 
(Pisurn sat ivurn) (Hadisoeganda and Sasser , 1982; Ravichandra et. 
al, 1987); lentil (Lens cul inaris) (Bernard et. a^. , 1990); horse 
gram (Pol ichos unif lorus) (Routaray et. a.1.. , 1987; ftsrni and Patel, 
1988) against root-knot nematodes. 
Similar work has also been done against 
Rot y1ench u1 us reni formis where a number of varieties of cowpea 
(Thakar and Patel, 1984; Patel et. al-, 1986; Khan and Husain, 
1988); chickpea (Lakshminarayan et. ai-i .990); green gram (Patel 
and Thakar, 1985; Routaray et. al_. , 1986) i black gram (Routaray et. 
al. , 1985; Midha and Trivedi, 1988); pigeon pea (Thakar and 
Yadav, 1987; Chavda et. al.. , 1988; finver and ftlam, 1989b); lentil 
(Fasal and Husain, 1991c); horse gram (Nayak et. al.. , 1987) were 
tested for resistance against R_^ reni form is. 
The different varieties of black gram screened 
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against Meloidogyne species and Ei. reniformis are tabulated on the 
following page. 
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Tablt-2.1 Black gran varieties tested against Weloidogyne species and Rotvlenchulus renifoniis 
Catagories 
imUNE 
RESISTANCE 
HODERftTELY 
RESISTflKT 
MODERATELY 
SUSCEPTIBLE 
Varieties of Black gra« Screened Against 
Nematode 
Reference 
PDU- 10 
Ratnapur- I , UG- 201, U&- 135 
PDU- 5, IW- 81- 7, \BG-2 
T-9 
B-24-8-8, Sarala (B+2-4), Pant U-26, PDU-1, 
T-9, CBG- 17, B-24-4-* 
Culture-1, H-7b-I, DC-1 
JU-78/A, UB-301, JU-77/41, Sarla, OUB-3 
PantU-26 
LB6 613, NDU B8-8, V66-1 
TPU-2, UPU-e5, U&-W7, m B2-2 
«. lavanica Handa (1990) 
R, reniforwis Routaray et. al.. (1966) 
H. lavanica Handa (1990) 
5* incognita Thakar and 
n. lavanica Patel (1985) 
R. reniforwis Routaray et, al.. (1986) 
R. rcnifor»is Midha and 
M. incognita Routaray and 
Das (1988) 
M. lavanica Handa (1990) 
!!• -lavanica Handa (1990) 
Trivedi (1988) 
SUSCEPTIBLE U6-135, PDU-1, PU-26, PU-19, La«by 295, UB-170 
Arnej-local, Zandewal, PH-25, H-10, C-5-61-1 
B-3-a-a (13), B-3-&-8 (12-307) UH-flO-^ 
UH-28, UH-eO-7, UH-80-4, UH-80-9, UH-62-71, 
UH-Bl-3a, UH-flO-2, UG-21B, PantlM9, Haveen, 
lf)-83-I2, Pant-30, VH-80-6, UH-83-5, UH-83-3, 
PPU-10, UH-e02, DO-l, UPU-2-W01, CO-5, UH-
B2-A7, UH-83-4, UH-77-41, lH-e2-20, UH-B2-3A, 
UH-83-2, UW-83-I, UH-S3-5, UH-62-27, UH-82-6, 
T-9, DO-2, DU-4, PDU-3, POU-1 
M-3, B-P-3, K-7*, DC-1-1, K - S - l , OC-3, DC-A 
DC-6, DC-7, RO-42, KJ-9, RU-47, »<S Local-2 
RD-48, JU-27, H-21-40-1A, W - U , HPO-2, K-
80-4-9, EC-5-61-1, CO-4, RU-23, H-21-40-17, 
U-9, RMS Lxx:»I-3, K-2, (XS Loc»l-l , PantU-
30, C-5-61-1, T-9, Pantl>-19, DC-17 
T-9, H-76-1, U(r-29fl, U W - 8 0 - ^ K-78, 
OUB-1 
H. incognita Thakar and 
«. lavanica Patel (1985) 
R. renifortis Routaray et »!• <19fl6' 
K. lavanica Gupta et. a .^ (1987) 
R. renifoniis Midha and 
Trivedi (1988) 
M. incognita Routaray and Das 
(1988) 
LBG-IA, PDU-14, PDU-15, l)&-203, II4-B2-4, 
UW-9-40-4, V6G-A 
HIGHLY PantU-19, Pantlh30, COB-6-10, ftnkushpur-l 
SUSCEPTIBLE B-76, flOT-3, IU-78-A, Handel«!, PS-1, EH-
369, Cfl-4, Ma5h-A8, OJL-A, Mash-U, NO-55, 
L-35-5, Krishna 
n. lavanica Handa (1990) 
R. renifor i is Routaray rt al. (1986) 
H. lavanica Gupta et al. (1987) 
contd. 
contd... Table-2.1 
Catagories Varieties of Black jraa Screened ftgainst Reference 
Nematode 
PantU-30, UH-28, Se l -37 , U6-191, PantU-
19, PH-25, OUB-5 
K. incognita Routaray and Dae 
(1988) 
C0B&-5, COBG-9, C0B8-10, COBG-301, JNIT 
-12», NIlJ-flfl-7, PCU-a, PDU-12, PU-1, TW 
- 1 , TPU-3, TPU-4, UG-28, UB-301, Sa»ba-1, 
Va«boni, IJH-B2-39, UH-83-13, UPU-2-40-1, 
UPIIhB*-!, VGG-3, NPfiB-2, NPra-3, Barabanki 
local , Krishna 
M. lavanica Handa (1990) 
3- MfiTERIOLS AND METHODS 
3.1 Selection of Test Matei-ials 
The root-knot nematode, Meloidoqyne incognita 
(Kofoid and White, 1919) Chitwood, 1949 and the reniforrn nematode, 
Rotvlenchulus reniformis Linfond and Oliveria, 1940, the most 
important parasitic nematodes of pulses, were selected as the test 
pathogen, and black gram, Viqna munqo (L. ) Hepper cv. Pant LJ-19 
was used as test plant, unless stated otherwise. 
3.2 Raising and Maintenance of Pure Culture of Nematodes 
The pure culture of Roty1enchu1 us reniformis was at 
first raised on 3 week old egg plant (Solanurn melonqena L. ) 
seedlings grown in earthen pots, filled with steam sterilized 
soil, ft single, surface sterilised, gravid female was transferred 
in the vicinity of the root zone of each seedling. The females 
were obtained from around the vicinity of the root zones of 
castor (Ricinus communis L.), through graded sieves of IS, SO and 
400 mesh according to Cobb's sieving and decanting method followed 
by modified Baermann funnel technique (Southey, 19aS). After a 
period of 6-8 weeks the nematodes from the pot soil were extracted 
by the technique already described earlier. ftfter reconfirming 
their identity, the nematodes were applied to the root zones of 
egg plants growing in microplots containing steam sterilized soil. 
The infected egg plant roots, obtained from the microplots, were 
cut into small pieces and applied in the vicinity of the root 
zones of egg plants growing in other sterilized micro plots. The 
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egg plant seedlings were inoculated with immature females of R.. 
reni formis from time to time so as to maintain sufficient amount 
of inoculum. 
The pure culture of Meloidogyne incognita was also 
raised and maintained on egg plants using single egg mass, 
collected from the severely infected roots of the egg plants. The 
species was identified and verified on the basis of perineal 
pattern of some of the females from which the egg masses were to 
be picked up. The egg mass obtained from egg plant roots 
infected with M. incognita was surface sterilised with chlorox 
(Calcium hypochlorite) for 5 minutes and washed thrice in 
distilled water. The eggs were allowed to hatch in sterilized 
distilled water on a coarse sieve with double layered tissue papev" 
at £7 C under aseptic conditions. The egg plant seedlings already 
grown in microplots, in autoclaved soil, were inoculated with the 
second -stage juveniles, thus obtained. Later on, more plants were 
inoculated at various intervals of time to have sufficient amount 
c f inoculurn. 
3-3 Preparation of Nematode Inoculum 
Rotylenchulus reniformis nematodes were extracted 
from the soil collected from around the roots of egg plants 
growing in microplots on which pure culture was developed and 
maintained. The soil so collected was processed by Cobb's seiving 
and decanting method followed by modified Baermann'5 funnel 
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technique (Southey, 1986). The nematode susperrsion collected from 
the funnels at 24 h served as inoculum of R_. reniforrnis nematode. 
For M. incoqnj ta, large number of eggmasses from 
heavily infested egg plant roots were hand picked with the help of 
sterilized foreceps from the previously maintained pure culture of 
M. incognita. The eggmasses were washed with distilled water and 
placed in a sieve, containing crossed layer of tissue paper. The 
sieve was placed in a petri dish containing water just touching 
its lower portion. fl series of such assemblies were kept to 
obtain required number of second-stage juveniles for inoculation. 
The hatched out juveniles were collected from the petri dishes 
after every £4 h and transferred to a beaker. Fresh water was 
added to the petri dishes to repeat the process. 
The water suspension of the nematodes either 
Rotylenchulus or Meloidogyne was gently stirred for a homogenised 
distribution of nematodes. From each suspension five counts were 
made with the help of counting dish (Southey, 1985), under 
stereoscopic microscope and ar\ average of these counts were taken 
to determine the density of nematodes per unit volume of the 
suspension. The volume of nematode suspension was so adjusted 
that each ml may contain 100+/-2 nematodes. 
3.4 Preparation and Sterilization of Soil Mixture 
Bandy-loam soil was sieved through 16-mesh sieve to 
remove stone particles and debris etc. The soil was then 
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thoroughly mixed with organic manure in a ratio of 3:1, and IScrn 
diameter earthen pots were filled with this soil-organic manure 
mixture of 1 Kg/pot. Each pot, just before transferring to 3.r-i 
autoclave for sterilization at £01b pressure for £0 minutes, were 
applied with little amount of water so that the soil got 
moisturized. Sterilized pots wev^e allowed to loose its heat at the 
room temperature before use for the experiments. 
3.5 Raising and Maintenance of Test Plants 
Seeds of the test plant, surface sterilized by 
dipping in 0.1"/. mercuric chloride solution, for two minutes, and 
washed thrice with distilled water, were treated with black gram 
strain of commercially available Rhizobium before sowing in 15 cm 
diameter earthen pots containing autoclaved potting mixture (soil 
+ organic mixture in ratio of 3:1) unless stated otherwise. 
Sucrose solution was used as sticker for bacterization. Five 
bacterized seeds were sown in each pot, but after germination one 
healthy seedling of uniform size per pot, was maintained. Watering 
and weeding were done as and when required. One—week old, well 
established and healthy seedlings were used for experimental 
purposes. 
3.6 Inoculation Technique 
One-week old black gram seedlings were inoculated 
with 1,000 second-stage juveniles of M.incognita and 1,000 
infective immature females of R.- reni form is throughout the course 
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of investigat ion, unless stated other wise. Prior to inoculation, 
feeder roots of the seedlings were carefully exposed by removing 
the upper layer of the soil and then the required quantity of the 
nematode inoculum was poured uniformly all around the exposed 
roots, using sterilised pippete. Immediately after inoculation, 
the exposed roots were covered by levelling the soil properly and 
carefu11y. 
Both individual as well as simultaneous inoculation 
of different pathogen combinations, depending upon the experiment, 
were performed. Throughout these studies, each treatment was 
replicated thrice and uninoculated plants were kept as control 
unless stated otherwise. The experiment was terminated aftev" 60 
days of inoculation, unless stated otherwise. 
3.7 Recording of Observations 
3.7.1 Parameters used 
The plants were uprooted after 60 days of 
inoculation and their roots were gently washed of soil, taking 
utmost care to avoid losses and injury during the entire 
operation. The length of the plant was recorded in centimeters 
from the top of the first leaf to the longest root. To remove 
excess of water the plants were placed for sometime, between two 
folds of blotting sheets, before taking the fresh plant weight. 
The weight was recorded in grams. For dry weight, the plants were 
cut with a sharp knife just above the base of root emergence 
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zone. The roots arid shoots were kept in bamboo envelopes for 
drying in s^n oven at &0 C for £-3 days. Reduction in dry shoot 
weight was calculated in terms of per cent v^eduction, for the 
interpretation of the results. 
3.7.2 Root Nodule Estimation 
Nodulation was estimated by counting the number of 
nodules per root system and percentage of nodulation reduction 
was calculated. 
3.7.3 Root—knot Estimation 
The root-knot nematode galls were estimated by 
counting the number of galls per root system. 
3.7.4 Nematode population Estimation 
For extraction of both the nematodes from the soil, 
£50 g sub-sample of well mixed soil from each treatment was 
processed through Cobb's sieving and decanting method followed by 
modified Baermann funnel technique (Southey, 1986). The nematode 
suspension was collected after £4 h and the number of the 
nematodes were counted i ri the counting dish by taking three 
replicates of £ml suspensirm from each sample. Mean of the thv^ee 
such samples was obtained a-id the population of each nematode per 
Kg soil was calculated. 
For estimation of nematode population in roots, l.Og 
of root, from each replicated treatment, was macerated for 45 
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seconds in an electrically operated wearing blender, in enough 
water. Counting was done from the suspension thus obtained as 
described above. The total final nematode population was obtained 
by adding the soil as well as root population, and the 
reproduction factor (Rfr) was calculated by the formula of 
Oostenbrink (1966) as follows: 
Where P^ represents the final population and Pj^  represenijs the 
initial population of the riernatode. 
3.7.4 Statistical Analysis 
The data obtained were analysed statistically, and 
significance of variance was calculated at P=0.05 and P=0.01 
levels. 
76 
4. EXPERIMENTflL-I: PATHOGENICITY AND INTERfiCTION 
4. 1- Introduction 
Soil inhabiting plant-pai-^asit ic nematodes live in 3.ri 
environment that is teeming with micro—organisms such as fungi, 
bacteria, virsuses, nematodes etc., many of which are common 
components of the soil biosphere. Since plant parasitic nematodes 
ar^e in constant association with saprobic, parasitic and symbiotic 
micro-organisms as well as other nematode species, present in the 
rhizosphere, therefore it is logical to consider interactions 
between these groups of organsims in terms of their combined 
effects on plant growth. As they occupy the same environmental 
niche, such organisms besides influencing the plants, are likely 
to influence each other as well. Most of the soil borne plant 
diseases are often the result of interactions of two or more 
pathogens of thie same or different groups causing complex 
diseases. Such piithogenic interrelationships often show additive, 
synergistic or neutralistic effect on plant disease development-
The interrelat i<:in5hip between nematode-nematode (Chapman, 1959; 
Amosu and Taylor, 1974; Sriffin, 1985; Fazal and Husain, 1991), 
and nematode- Rh:.zobium (Malek and Jenkins, 1964; Taha and Kassab, 
1980; Meredith et. ai-, 1983, Fazal et. ai. , 1992) have been 
reported from time to time. These investigations have led to a 
change from mono-pathogenic to multipathogenic disease concept. In 
a recent study. a constant concomitant occurrence ,of the two 
nematode species viz, Meloidoqyne incognita acwi-—fi^tv 1 ench u 1 u s 
reni form is was observed in several black af-anfl-'^ rowi ng a,re\s of 
kl. \ M^5 i 
*f('s> fv •% , ,-,-i<- / ' • < . 
Bihar and Uttar Pradesh, India. Several patches of damaged black 
grarn plants were observed in many fields. On examining soil and 
root samples taken from such poor patches revealed the presence of 
moderate to high population of M. incognita and R^. reni form is. In 
other neighbouring areas where these pathogens were present 
singly, the number of damaged plants was compav^at ively less. These 
observations evoked an interest to study the problem and to 
determine whether the enhanced damage was casual or was the r^esult 
of the interactions of these two pathogens. 
4.2. Mater-ials and Methods 
4.2-1. Plant Materials 
Seeds of black gram <Viqna munqo) cv. Pant LJ-19, 
surface sterilised with 0.1% mercuric chloride and rinsed thrice 
with distilled water, were sown in 15 cm diameter earthen pots (@ 
5 seeds/pot) filled with steam sterilised soil and farm yard 
manure (3:1 v/v) . In experiments 4.4.1 and 4.4.2, prior to 
sowing, seeds were treated with Rhizobium (black gram strain) 
using 5"/i sucrose (CigHggOii) solution as sticker. One 7-day old 
healthy seedling per pot was retained. The plants were irrigated 
whenever required. The procedure is described in Chapter-3. 
4.2.2 Nematode Inoculum 
Inoculum of I;;. incognita and R.. reni form is were 
obtained from pure cultures maintained in green house. Freshly 
hatched second-stage juve-iiles ^-^2.^ '-'^ ^' incognita used for 
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inoculations, were obtained by incubating egg masses in petri 
plates containing sterilized distilled water in ari incubator at £5 
^C. Immature females <J4) of R. reniformis were obtained by 
processirig the soil in which pure culture was maintained using 
Cobb's sieving and decanting method alongwith Baermann's funnel 
technique (Southey, 1986). Pfter 7S hours hatched juveniles (Jg) 
Sirid immature females (J/^) were collected in steri lined distilled 
water suspension, and inoculum levels were standardized by 
counting the juveniles from 1 ml samples of the suspension in a 
counting slide. Seven-day-old healthy seedlings of black gram were 
inoculated by pipetting the suspension of nematodes (nematodes 
species) into the depressions made in the soil around the 
rootzones of the seedlings. The details of the procedure adopted 
are cescribed in Chapter—3. 
4_ 2. 2\ Pararae-ters 
Two months after inoculation, experiments 4.4.1-4.4.3. 
were terminated and following parameters were considered for 
describing the results. 
1. Dry shoot weight (Plant growth), 
£. Nodulat ions, 
3. Gall number, and 
4. Fate of nematode multipiicatio (Rf) of each nematode species, 
were assessed as per procedure described in chapter-3. 
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For deterrninirig the rate of nematode multiplication, 
total population (Pf) (root+soil) was estimated (Southey, 1986), 
and Rf was calculated as Rf=P^/P^, where Pf is the final nematode 
population and Pi is the initial population (Oostenbrink, 1966). 
Percentage decrease in dry shoot weight and nodulation 
over uninoculated control was calculated for experiment No's 4.4.1 
and 4. 4. £. whereas, for experiment, no. 4.4.3 it was calculated 
against uninoculated and bacterized plants. 
4. S. 4 Statistical Analysis 
The data of experiments 4.4.1-4.4.3 obtained, were 
statistically analysed for critical difference <C.D. ) , and the 
significance of variance was calculated at P<0.05 level as per 
procedure described by Panse and Sukhatme CISSS). 
4-3 Experimental Design 
4.3_1 Detei-min.it ion of Economic Threshold levels of Meloidopyne 
incoqnitii and Rotylenchulus reniformis <Expt. 4.4.1) 
In cirder to determine the economic threshold levels of 
M. incognita avid R.. reniformis. the seedlings of black gram were 
inoculated with 500, 1,000, £,000 and 4,000 second-stage juveniles 
of M. incoqrita and imm^iture females of R.. renif ormis, 
individually anci separately. 
4. 3. 1. 1 Experimuntal 
The experiment was designed according to the following 
treatment scheme. 
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a) noninoculated control, 
b) inoculated with different inoculum levels of M. incognita 
(500, 1, 000,£,000 or 4,000) , 
c) inoculated with different inoculum levels of R,. ^^eri i form i s 
(500, 1, 000, £,000 or 4,000) . 
4.3.2 Effect of Individual and Concomitant Inoculations at 
different Inoculum levels of Meloidoqyne irtcoqniba and 
RotV1 enchu 1 us reniformis (Expt- 4.4.E:) 
In order to find out the role of M. i ncoqn it<5 and R.. ' 
reniformis, when present individually or concomitantly in the 
aggravation of plant damage, disease development and nematode 
reproduction on black gram cv. Pant U-IS, the seedlings were 
inoculated with different inoculum levels of both the nematode 
species, either individually or in vav-ious combinations. 
4.3.2.1 Experimental 
Black gram seedlings were inoculated with infective 
stages of M. incognita and R. reniformis singly or concomitantly 
according to the following scheme. 
a) noninoculated control, 
b) M. incognita alone using 500, 1,000, £,000 and 4, OOO second-
stage juveniles, 
c) R. reni form is alone using 500, 1,000, 2,000 and 4,000 immature 
females, 
d) M. incognita and R^. Y^ eni f ormis concomitantly with different 
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numbers of each nematode species as given in Table-4.3 
4.3.3 Ef-fect of Individually, Pre, Post and Simultaneous 
inoculation of Meloidoqyne incognita. Rotylenchulus 
reniformis and Rhizobium (Expt. 4.4.3) 
To study the effect of early establishment of either 
of the nematode species, the black gram seedlings were inoculated 
with 1,000 infective stages of M. incognita and R.. reniformis. 
individually or concomitantly, before or after lO days of one 
another and simultaneously. Effect of Rhizobi urn in various 
combinations was also studied. Rh izobi urn suspension was applied at 
the rate of Ig/seedling. 
4.3.3.1 Preparation of Rhizobium suspension 
For the preparation of Rh izobi um suspension, lOOg 
commercial bacterial culture of black, gram strain was thoroughly 
mixed in 1,000 ml of sterilized distillled water; 10 ml from this 
suspension, having approximately Ig Rh izobi um. was applied. 
4-3.3.2 Experimental 
Black gram seedlings were inoculated with M. 
incognita. R. reni f ormis or/and Rhi::obium either singly or in 
various combinations of pre, post (wiih an interval of 10 days) or 
simultaneously as per schedule presenied below. 
1. Uninoculated + bacterized 
2. Uninoculated + unbacterized 
3. R. reniformis + unbacterized 
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QB5': 
4. M. iricoqnita + unbacterized 
5. M. incognita + R.. r en i form i s + unbacterized 
£, R. rem form IS + Rhizobi um 
7. M. incognita + Rhizobium 
8. M. incognita + R. rem form is + Rh izobi um 
g. Rhizobium — > R. r e m form is 
10. Rhizobium — > M. incognita 
11. Rh izobium — > M. incognita + R,. r e m form is 
li^ . R. rem form 15 — > Rhizobium 
13. M. incognita — > Rhizobium 
14. M. incognita + R.. rem form is — > Rhizobi um 
15. R^, rem form is + Rhizobium — > M.. incognita 
16. M. incognita + Rh izobi um — > R.. r e m form is 
17. R. rem form is — > M. incognita + Rh izcbi urn 
18. M. incognita — > R.. rem form is + Rh izobi um 
+ Simultaneously 
— > interval of 10 days 
Seedlings of black gram in experiments 4.4.1-4.4.2 not 
receiving nematode inoculum served as control (a) whereas, m 
eKperiment 4.4.3 umnoculated s^ nd bacterized seedlings served as 
cDntrol (1). Each treatment of experiments 4.4.1-4.4.3 was 
r(=plicated thrice. Ofter moculabion, the pots were placed in a 
randomized block design c/r\ benches of green house. Plants were 
allowed to grow for bwo months. Ofter two months of inoculation 
the experiments were terminabed and data on various parameters, 
B; 
mentioned in 4.2.3 were recorded and statistically analysed 
(4. £.4) . 
4.4 Experimental Results 
4.4.1 Detei^minat ion of Economic Threshold Levels of Meloidogyne 
incognita and Rotylenchulus renifortnis 
The data presented in Table-4.1, 4. £ revealed that 
the plant growth (based on dry shoot weight) was adversely 
affected by both the nematode species. There was a gradual 
decrease in plant growth with a corresponding increase in the 
inoculum level of each pathogen. Highest inoculum level of M. 
incognita caused 47.87"/. Y'^eduction in dry shoot weight whereas 
corresponding reduction due to R^ reni form is was 41. 31^-. However, 
statistically significant reductions in growth parameters, over 
control, were found only when 1,000 or more infective stages of M. 
incoqni ta cr^ R. reni form is per plant per Kg of soil were 
inoculated. 
Reduction in plant growth (based on dry shoot 
weight) was directly proportional to the inoculum levels of the 
test pathogens (Table-4. 1, 4. £') . There were considerable reductions 
in the root nodulat ion due to parasitism of both the nematode 
species, but the reductions caused by L^_ incognita were greater. 
Reduction ir nodulat ion was also directly proportional to the 
increase in the inoculum level of each nematode species. 
Significant "eduction in nodulat ion over control was found when 
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Tablas'^f. 1 Effect of differsnt irvoculum levele of RptvlenchuluB reniformis on 
black gram <cv.Pant U—19)« dry shoot weight, nodulation and 
naraatoda multiplication (Rf). 
Inoculum 
Levels 
Dry Shoot Weight 
( g > 
Nodulation per 
root system 
Nemat odf^ rnul t ip 1 icat ion 
( Rf ) 
ORr 
SOORr 
lOOORr 
SOOORr 
AOOORr 
5.64 
4. 65 
4. 0£ 
3.70 
3. 31 
(17.55) 
(28.72) 
(34.39) 
(41.31) 
89 
79 
65 
57 
49 
(11. 24) 
(26.97) 
(35.96) 
(44.94) 
19.47 
14.87 
10.90 
5.92 
CD(P<0. 05) 1.392 15. 125 2.579 
Tables4. 2 
Inoculum 
Levels 
Effect of different inoculum levels of Meliodoqyne incognita on 
black gram <cv. Pant U—19): dry shoot weight, nodulation and 
nematode multiplication (Rf>. 
Dry Shoot Weight 
( g ) 
Nodulation per 
root system 
Nematode 
rnu l t i p i i c a t i o n 
Gal 1 p e r 
r o o t s y s t e m 
OMi 
SOOMi 
1000Mi 
£O0OMi 
4000Mi 
5. 64 
4. 45 
*:tf m OwT 
3.42 
2. 94 
(21.09) 
(32.09) 
(39.36) 
(47.87) 
89 
72 
56 
45 
37 
(19.10) 
(37.08) 
(49.44) 
(58.43) 
2 5 . 0 6 
19 . 81 
1 3 . 7 8 
7 . 91 
158 
2 1 4 
2 7 6 
3 1 1 
C D ( P ( 0 . 05 ) >79 1 0 . 3 7 2 2 . 0 1 6 
Rr 
Mi 
Rf 
R o t y l e r i c h u l u s r e n i f o r m i s ( lOOO i m m a t u r e f e m a l e \ p o t ) 
M e l o l d o g y n e i n c o g n i t a ( IOOO I Ind j u v e n i l e s \ p o t ) 
Reproduction factor (Pf/Pj) 
Per cent reduction over unioculated control is indicated in 
parentheses. 
500 ov" more infective stages of either of the pathogens were 
inoculated (Table-4. 1,4.2) . 
The rate of nematode reproduction was density 
dependent.' Maximum nematode reproduction (Rf £5.06 of M. 
incognita,and 19.47 of R. reniformis) occurred at the lowest (500 
infective stages of either nematode) inoculum levels, and minimum 
(5.92 times for R^. rsniformis and 7.91 times for M. incognita) 
at the highest (4,000 infective stages) inoculum levels ( Table-
4. 1,4. 2) . 
The number of root galls per plant also increased 
with an increase in the inoculum level. Lowest number (158) of 
galls per plant occurred at the lowest (500 second- stage 
juveniles), and the highest (311 galls per plant) at the highest 
(4,000 second- stage juveniles) inoculum level. 
Economic threshold levels of M^ . incognita and 
R.reri formis were, therefore, 1,000 second stage- juveniles of the 
former and 1,000 immature females of the latter. However, M. 
incognita generally produced more pathogenic effect than R. 
reni formis. 
4.4-S Effect of Individual and Concomitant Inoculations at 
Different Inoculum Levels of Meloidoqyne incognita and 
RotVlenchu1 us reniformis 
4.4.(2.1 Single species inoculations 
4.4.;2-l.l Effect on dry shoot weight 
85 
Meloidogyne incognita and Rot y1ench u1 us reni formis 
both, adversely affected the plant growth (based on dry shoot 
weight) (Table— 4.3). With an increase in inoculum levels from 500 
to 4,000, a gradual decrease in plant growth was observed. Highest 
inoculum level of Mi_ incognita caused 47.97"/ reduction in dry 
shoot weight where as R^ , reni form is caused 40. 70^- reduction. 
However, significant reduction in growth parameters, over control, 
were found only when 1,000 or more infective stages of M. 
incognita or R^ reni formis per plant per Kg soil were inoculated. 
4.4.2.1.2 Ef-feot on nodulation 
fln increase in initial inoculum from 500 to 4,000 of 
M. incognita and R^. reni form is correspondingly decresed root 
nodulation. However, the reduction caused by Mi_ incognita was 
greater. Significant reduction in nodulation over control was 
found when 500 or more infective stages of either of the pathgens 
were inoculated (Table- 4.4). The reduction in nodulation due to 
M. incognita ranged between 19.59 and 59.37:/. while due to R. 
reni form is between 12.50 and 43. 75;^ .. 
4.4.2.1.3 Effect on nematode multiplication 
The rate of nematode multiplication (Rf) of both the 
nematodes gradually decreased with increase in their initial 
inoculum levels from 500 to 4,000. The Rf value for Ri_ reniformis 
was smaller than that for M^ incognita at all the inoculum levels. 
The Rf value, however, was higher at low than at higher inoculum 
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Tabl0s4. 3 Effect of different inoculum levels of Weliodoovne 
incognita and Rotyl enchul us reni f ortnis alone and in 
combination on dry shoot weight of black gram (cv.Pant 
U-19). 
Inocul urn 
levels 
of M. 
incognita ORr 
Inoculum levels of R. reniforrnis 
iOORr lOOORr 
4.27 
(27.87) 
2.37 
<A9.85) 
2. AO 
(59.46) 
1. 94 
(67.23) 
1. 42 
(76.01) 
2000Rr 
3. 96 
(33.10) 
2. 60 
(56. 08) 
2. 10 
(64. 56) 
1. 64 
(72.30) 
1.11 
(81.25) 
AOOORr 
3.51 
(40.70) 
2. 21 
(62.66) 
1.59 
(73. 14) 
1. 20 
(79. 73) 
0. 78 
(86. 82) 
OMi 
500Mi 
lOOOMi 
2000Mi 
4000Mi 
5. 92 
4.67 
(21. 11) 
4. 10 
(30.74) 
3.63 
(38.68) 
3.08 
(47.97) 
4.88 
(17.56) 
3.55 
(40.03) 
3.01 
(49.16) 
2.49 
(57.94) 
2. 00 
(67.21) 
CD (P<0. 05) 0.942 
TablesA. 4 Effect of different inoculum levels of Meloidoqyne 
incognita and Rotvlenchulus reniformis alone and in 
combination on nodulation of black gram (cv.Pant U—19). 
Inoculum 
levels of 
iricognita ORr 
Inoculum levels 
iOORr 
of R. reniformis 
lOOORr 2000Rr 4000Rr 
OMi 
500Mi 
1OOOM i 
2000Mi 
4000Mi 
96 
77 
(19.79) 
59 
(38.54) 
50 
(47.91) 
39 
(59.GO) 
84 
(12.50) 
63 
(34. 49) 
45 
(53.92) 
35 
(63.54) 
25 
(73.95) 
72 
(£5.00) 
52 
(45.83) 
32 
(66.67) 
25 
(73.95) 
14 
(85.42) 
61 
(36.45) 
41 
(59.29) 
21 
(78.12) 
13 
(86.45) 
6 
(93. 75) 
54 
(43. 75) 
19 
(80. 20) 
14 
(85.41) 
7 
(92. 70) 
0 
(100. 00) 
C. D. (P <0. 05) 8.309 
0 Uninoculated Control 
Mi Meloidogyne incognita ( 1000 Ilnd juveniles \ pot ) 
Rr Rotvlenchulus reniformis ( 1000 immature females \ pot ) 
Per cent reduction over uninoculated control is indicated 
in parentheses. 
levels in both the cases (Table- 4.5), 
4.4.2.1.4 Effect on »"oot galling 
The root galling increased with an increase in 
initial inoculum levels of Meloidoqyne incognita. The number of 
galls per plant was 15£', S04, £67, 301 when inoculated with 500, 
1,000, £,000, 4,000 second stage juveniles of Mj^ inconni ta, 
respectively (Table- 4.6). 
4.4.2.2 Concomitant inoculations 
4.4.2.2.1 Effect on dry shoot weight 
In comparison to control, growth parameter (based on 
dry shoot weight) was significantly reduced at each combination. 
The concomitant inoculations with Mi_ inconnita and R.. reni form is 
exhibited a greater damage to the plant growth, thereby showing a 
synergistic effect. During simultaneous inoculations the growth 
reduction was comparatively higher at each combination when 
compared with the sum total of reductions caused by the similar 
inoculum levels of single species, and this showed a positive 
interaction. The results were similar in all the other 
combinations except in the combinations involving £,000 M. 
incognita and 4,000 R_^  reni form is, and 4, OOO M^ incognita and 40OO 
R. reniformis where the reductions were comparatively lower than 
the sum total of reductions caused by the same inoculum levels of 
the nematodes in single species inoculations, thus showing 
negative interactions (Table- 4.3), 
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Table:4. 5 
I notrul urn 
levels 
of M. 
incognita 
Effect of differ^ent inoculum levels of Weloidoqyne incognita and 
Rotvlenchulus reni formis alone and in combination on nematode 
multiplication (Rf) infecting blackgram ( cv. Pant U—19>. 
ORr 
Mi Rr 
Inoculum lovelc of R.. reniformiB 
lOOORr SOORr 
Mi Rr Mi Rr 
2000Rr 
Mi Rr 
AOOORr 
Mi R> 
OMi 
500M i 
lOOOMi 
£OOOMi 
4000Mi 
24- 73 
18. 67 
13.48 
7. 04 
19.09 
23.21 17.12 
17.25 14.94 
12.65 11. 30 
6. 15 5. 30 
14. 3S - 10.07 - 5.77 
2 2 . 0 7 1 2 . 7 9 2 0 . 9 8 9 . 0 5 1 9 . 7 7 4 . 8 9 
14.59 11,05 12.94 7-32 11 „ 68 3.84 
10.46 8.78 8.49 6.33 5.33 2.94 
5.20 4.75 3.94 3.. 6S 3„ OS O. 90 
C, D. <P<0. 05) O, 
Mi Rr 
O. 466 
Table:4. 6 Effect of different inoculum levels of Weloidoavne incroiniba and 
Inoculum 
levels 
of M. 
incoqni ta 
OMi 
500Mi 
lOOOMi 
2000Mi 
4000Mi 
Rotvlenchi 
format i on 
ORr 
Mi 
—. 
152 
204 
£67 
301 
Rr 
_ 
-
-
-
-
ilus reni 
of blackg 
.form 
irarn 
is alone 
<cv-Pant U 
Inoculum levels of R. 
500Rr 
Mi 
_ 
127 
185 
236 
267 
Rr 
-
-
-
— 
lOOORr 
Mi 
_^  
114 
163 
213 
239 
and 
1-19). 
in combinat 
reniformis 
Rr 
__ 
-
-
-
-
2000Rr 
Mi 
.« 
95 
146 
168 
176 
Rr 
— — 
-
-
-
_ 
ion on 
4000Rr 
Mi 
_ 
82 
128 
131 
138 
gall 
Rr 
— 
-
-
-
~ 
C D . <P<0.05) 16.792 
0 
Mi 
Rr 
Rf 
Uninoculated Control 
Meloidogyne incognita (1000 IInd Stage juveniles \ pot) 
Rotylenchulus reni formis (1000 immature females \ pot) 
Reproduction factor (P^/P^) 
4. 4. £. 2. 2 Ef-fect on nodulation 
The nodulation, in comparison to control, was 
significantly reduced at each combination of concomitant 
inoculations. fit 4,000 inoculum level both the nematodes caused 
100"/. reduction in nodulation, however, the reduction was lowest 
(34,49"/) in the combinations of both |vL_ incognita and R. reniformis 
at 500 level. The concomitant populations caused a higher 
reduction in nodulation than the sum total of reductions caused 
by similar inoculum levels in all the combinations with the 
exception of those having 4,000 Mi_ incognita and 2,000 R. 
reni form is. and 4, 000 M^ incognita and 4, OOO R^ . reniformis. fit 
these combinations the reductions were relatively lower than the 
sum total of reductions caused by the similar levels of the single 
species inoculations (Table- 4.4). 
4.4.2.2.3 Effect on rate of nematode multiplications 
The interactive effect of both the nematodes were; 
mutually inhibitory in concomitant inoculations. M^ incognita and 
R. reniformis when co-inhabited the roots, their Rf value«.> 
declined at all the combinations when compared with the values a1; 
the same inoculum levels of individual species. The Rf value for-
'^^'-' Dli. incognita with single species inoculation was 24.73. II 
reduced to 19. 77"< in presence of 4, OOO Rj^ reniformis in combinea 
inoculatin. ft similar trend of Rf was noticed for l,0O0, 2,000, 
and 4,000 ITL. incognita in presence of 500, 1,000, 2,000, and 4, 00(J 
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R_. reni form is in all corn b i nat i oris. The Rf value for R^ reni form is. 
at all inoculum levels also declined in presence of M^ incognita. 
These results showed mutual antagonistic intei—relationships 
between the test nematodes (Table— 4.5 ). 
A.4_2. £.4 Effect on root galling 
The number of galls per plant increased with a.ri 
increase in inoculum levels of M^ incognita from 500 to 4,000 in 
presence of R^ reni formis, but in comparison to^ single species 
inoculation corresponding increase in the number of galls was, 
less. Maximum galls (£67) were obtained when plants were 
inoculated with 4,000 juveniles of M. incognita and 50O of R. 
reni formis. during concomitant inoculation, whereas M^ incognita 
alone produced still higher number of galls (301) at the 
correspondirig inoculum level, ftlthough there was an increase in 
the gall nurcber with an increase in Mj_ incognita inoculum level in 
concomitant inoculation with Rj^ reni form is, but the number 
declined with an increase in inoculum levels of M^ incognita 
(Table-4. 6). 
4.4.3 Studies on Individual, Pre-, Post— and Simultaneous 
Inoculation of Meloidoqyne incognita. Rotylench ulus 
reni'f ot"inis and Rhizobium 
Data presented in Table- 4.7 revealed that the 
presence of Rh izobi um was beneficial for the growth of both 
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Tables^.7 Effect of Pre-, Post—and Simultaneous inoculation of Rhizobium. 
Meloidoqyne incognita and Rotvlenchulus reni for^ yiis on blackgram 
(cv. Pant U-ig)s dry shoot weight, nodulation, nematode 
multiplication and galls. 
Treatments 
No+Rh 
No+Rho 
Rr+Rho 
Mi+Rho 
MI+Rr+Rho 
Rr+Rh 
Mi + Rh 
Mi+Rr+Rh 
Rh-> Rr 
Rh-> Mi 
Rh-> Mi + Rr 
Rr-> Rh 
Mi-> Rh 
Mi+Rr->Rh 
Rr+Rh->Mi 
Mi+Rh->Rr 
Rr-> Mi+Rh 
Mi-> Rr+Rh 
Dry shoot 
wei ght 
<gj 
5.58 
4. 34 
3. 45 
3. 16 
0.97 
4. 09 
3. 82 
2. £8 
4. £2 
3. 95 
2. 61 
3. 78 
3. 45 
1. 71 
2. 78 
2. 35 
1. 54 
1.37 
1 
<22.22) 
(38. 17) 
(43.37) 
(82.62) 
(29.70) 
(31.54) 
(59.14) 
(24.37) 
(29.21) 
(53. 23) 
(32.26) 
(38. 17) 
(69.35) 
(50. 18) 
(57.89) 
(72. 40) 
(75.45) 
Number of 
nodules \ 
root ; system 
105 
13 
00 
00 
00 
79 
68 
41 
94 
86 
71 
68 
59 
24 
56 
44 
31 
22 
(87.65) 
(lOO.00) 
<lO0. OO) 
(100. 00) 
(24.26) 
(35.24) 
(60. 95) 
(10.95) 
(18. 10) 
(32.38) 
(35.24) 
(43.81) 
(77.17) 
(46.67) 
(64.05) 
(70.48) 
(79. 05) 
Nemat od 
Rr 
— 
-
18. 22 
-
15. 02 
13.94 
-
10. 72 
8.41 
-
6.69 
14. 10 
-
11. 76 
11. 44 
8. 40 
11.65 
11.30 
(Rf) 
Mi 
Number 
of galls 
\ root 
system 
£1. 18 
18. 10 
18.82 
16.31 
15.73 
10. 40 
19. 32 
18. 33 
17.94 
17. 35 
12. 48 
16.25 
£32 
193 
209 
169 
15G 
89 
218 
167 
71 
194 
101 
177 
C D . (P(0.05) 0. 468 7.989 0.448 0. 7f 36. 02C 
No+Rho Uninoculated Unbacterized Control 
No+Rh Uninoculated Bacterized Control 
Mi Meloidoqyne incognita (lOOO IInd Stage juveniles /pot ) 
Rr RotV1enchu1 us reniformis (lOOO immature females / pot ) 
Rh Rh izobi um 
Rf Reproduction factor (P^/Pj^) 
(+) Simultaneous inoculation 
(->) Inoculation after an interval of 10 days 
Per cent reduction over uninocutated unbacterized control 
indicated in parentheses. 
IS 
inoculated and uninoculated plants. Growth of uninoculated 
bacterized plants was significantly better than of inoculated— 
unbacterized plants. When the seedlings, in presence of Rhi zobi urn, 
were inoculated with R^. reniformis and M. incognita, individually 
or concomitantly, a significant damage in plant growth was 
noticed; the damage, however, was significantly higher when 
Rh izobi um was altogether absent. Inoculation with orie or both the 
pathgens, prior to Rhizobi um, was more damaging to plant growth 
than to the plants that were simultaneously inoculated with one or 
both the pathogens at the time of Rhizobium application. 
Plpplication of Rh izobi um before inoculation with one or both the 
pathogens resulted in a significantly lesser damage than when 
Rh izobi um was applied simutaneously alongwith one ay both the 
pathogens or whon inoculation was followed by Rhi zobi urn 
application. When the plants were given Rhizobi um 10 days earlier 
than any of the two pathogens, either singly or concomitantly, the 
damage was significantly lower as compared to those in which 
Rh i zobi um was givisn 10 days after inoculation with pathogen or 
pathogens. The damaije was significantly less when the plants were 
inoculated with R.reniformis and treated with Rhizobium earlier 
than M. incognita,as compared to that where the plants were 
inoculated with M. incognita and treated with Rhizobium, 10 days 
earlier than R. reni formis. When the plants were inoculated with 
M. incognita and R. ri?niformi5 together, 10 days prior to Rh izobi um, 
there was a significantly higher reduction in growth than that 
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when Rh izobi urn was applied 10 days prior to corrcornitant 
inoculation. Rotylenchus reniforrnis when introduced 10 days before 
of M. incognita and Rh i zobi urn together, damaged the plant growth 
to a lesser extent as compared to that when M. incognita was 
introduced 10 days before of R.. reniforrnis and Rh izobi urn together. 
Both the pathogens, in the absence of Rh izobi urn, caused a damage 
which was higher than observed in all the other treatments. 
4.4.3.1 Effect on dry shoot weight 
There was ££.££'/ reduction in plant growth (based on 
dry shoot weight) of unbacterized uninoculated plants awer-^ 
bacterized uninoculated plants (Table—4.7). In the absence of 
Rh izobi um, M. incognita caused greatest plant growth reduction 
(43.37"/.) followed by R.. reniforrnis (38.17%), and it was 82. 6£"X, 
when both the pathogenis were present, concomitantly. In the 
presence of Rhizobium. the plants suffered 31.54, £6.70, and 
53. 14'/C losses in growth, respectively, in the corresspond ing 
treatments. When Rhizolaium application was preceded by M-
incogni ta or R.. r-'er\ if orrni*; or M. incognita plus R^. reniforrnis, the 
reductions observed were £9. £1, £4.37, and 53. £3"/., respectively, 
but when pathogen or pathogens were preceded by Rhizobium there 
were 38.17, 3£. £6, and Gl). 35%, respectively, fl prior application 
of Rhizobium plus R.. reniforrnis followed by M. incognita 
inoculations after 10 days, caused 50.18/4 reduction in dry shoot 
weight, but prior application of Rh i zobi um plus M. incognita 
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followed by R.. rerii forrnis after 10 days accounted 57.89"/. growth 
reduction. Inoculation with R^. reniforrnis, 10 days earlier than 
the application of Rhizobi urn and M. incognita, resulted in growth 
reduction of 7£.40y.; the reduction, however, was 75.45% when M. 
incognita was replaced with R. reni form is. 
4.4.3.2 Effect on nodulation 
The nematodes, whether present singly or 
concomitantly, caused significant reduction in nodulation. M. 
incognita alone caused greater reduction in nodulation (35. £4"X) 
than R^. reni form is V2.^.2.&y.) alone, when compared with uninoculated 
control; while in concomitant inoculation the reduction was quite 
high (60. 95"/.) . fippl icat ion of Rh izobi urn prior to or simultaneously 
with the nematodes invariably resulted in comparatively less 
nodulation reduction than in the treatments where Rhizobium 
application was followed by the nematode inoculations. Maximum 
reduction (79.0554) in nodulation was recorded when plants were 
inoculated with M. incognita prior to R.. reni form is plus 
Rhizobi urn; followed by 77.14'/. when M. incogr ita and R^ ren if ormis 
was inoculated prior to Rh i zobi um. While minimum reduction 
(32. 38y.) was observed when plants were inoculated with M. 
incognita and R.. reni for mis, 10 days after Rni zobium application. 
4.4.3.3 Effect on nematode multiplication 
The rates of multiplications of M. incognita and R.. 
reni formis were significantly higher (Rf= 18.82 and 13.94, 
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respectively) ori bacterized plants when present alone than when 
present together (R^= 16.31 and 10. 7£:, respectively). During 
sequential inoculation, it was found that the rate of 
multiplication of M. incognita and R.. reniforrnis was significantly 
reduced, when Rhizobiurn was applied simultaneously or it preceded 
the nematode inoculation. The increase in multiplication rates of 
M. incognita and R^ reniforrnis ranged between 10.40 and 18.33, and 
&. 69 and 11.76, respectively when M. incognita. R.. reniforrnis and 
Rh izobi am., in different combinations of pre and post inoculations, 
were used (Table-4.7). Highest Rf value for M. incognita (18.33) 
and for JR. reniforrnis (11.76) were recorded when both the nematode 
were added 10 days earlier than Rhizobi um application, and lowest 
(Rf= 10.40 and 6.63, respectively ) when Rhizobium was applied 10 
days earlier than the nematode inoculation. Prior inoculation with 
any one of the species proved detrimental to the population 
development of the other species. 
4. 4. 3. A El'fect on galls 
The number of root—knot nematode galls was higher in 
unbacteri:ed plants, when M. incognita was present singly (£32 per 
plant) or concomitantly with R. reniforrnis (193 galls per plant), 
than on bacterized plants (209 and 169 galls per plant, 
respectively). Presence of R.. reni formis alongwith M. incognita 
caused siiinificant reduction in the number of galls per plant, in 
bacterized as well as unbacterized plants. The number of galls 
sigriif icarjt ly increased (218 galls pej-^  plant) in plants when 
inoculated with M. incognita prior to Rh iz obi urn than when 
inoculated 10 days after of Rhizobiurn application <15& galls per 
plant). In sequential inoculation the number of galls per plant 
ranged between 71-194, highest being in plants where M- incognita 
and Rh i zobiurn were added 10 days prior to R.. reni form is, and 
lowest where M. incoqni ta was added lO days after the irtoculat iori 
with R^. reni form is plus Rhi zobi urn. In general there was an over 
all reduction in gall number in all the treatments as compared to 
root-knot nematode infected unbacterized plants. 
4.5 Discussion 
For determining the economic threshold levels of both 
the nematode species, the seedlings of black gram were separately 
inoculated with different inoculum levels of each nematode species 
(500, 1,000, £,000 and 4,000 nematodes/plant) . Lowest inoculum 
levels of both nematode species caused no significant damage or 
plant growth reduction but with the increasing inoculum levels 
there was increased plant growth reduction, whether inoculated 
with either of the nematode species. Similarly, the rate of 
multiplication of each nematode species decreased with the 
corresponding increase in inoculum level (Tables-4.1, 4.2). Since, 
root surface area for both, the lower and higher inoculum levels 
remained the same, crowding of nematodes at high inoculum 
densities created a competition among the nematodes resulting in 
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their natural death and reduced multiplication. The high rate of 
multiplication at the lower levels of inocula, on the other hand, 
could possibly be due to the positive factors like abundance of 
food, less competition, and the ability of the host to support 
these levels of population. The progressive decrease in plant 
growth atnd nematode multiplication with the increasing iricicularn 
levels of nematodes has also been reported by Chapman (1959); 
Gupta and Yadav (1979); Mishra and Gaur (1981); Mohanty et. al_. 
(1989); Baheti and Yadav (1991); Fazal and Hussain (1991a). 
Economic damage to black gram was caused by 1,000 nematodes of 
either of the nematode species. This level of inocula were, 
therefore, used for other investigations. 
The economic thv^eshold levels of Meloidogyne spp. and 
RotV1enchu1 us reni formis on black gram have been determined by 
several workers (Gupta and Yadav, 1979; Panda and Seshadri, 1979; 
Mishra and Gaur, 1981; Gupta et_ al- , 1987; Mohanty gt. aJL-, 1989; 
Baheti and Yadav, 1991). Damaging threshold level, as low as 100 
nematodes per l.SKg of soil and as high as 1,000 per Kg of soil 
for M. incognita, was reported by Mohanty et_ al. (1983) and Baheti 
and Yadav (1991), respectively. However, for R^. re "li form is, the 
damaging threshold level was 1,000 nematodes per kg soil (Mishra 
and Gaur, 1981), and £,000 nematodes per kg soil (Gufjta and Yadav, 
1979). My findings, (1,000 infective stages of either of the 
pathogens as the damaging threshold level) are in confirrnity with 
those of Panda and Seshadri (1979); Mishra and Gaur, (1981) and 
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Baheti and Yadav <ig91). The differences observed, in the damaging 
threshold levels, by different workers might be attributed to the 
differences in experimental conditions, cultivars used, and to the 
species and races of the nematodes involved. 
Inocu1at ion with Meloidoqyne incognita or 
Rot v1ench uI us reni formis alone bore a linear relationship between 
the initial inoculum level and dry shoot weight, and nodulation. 
This is in confirmity with the observations of Mishra and Gaur 
(1981) ; Gupta et^  §Li- ? <1387) on black gram; Thakar and Yadav 
(1985) on pigeonpea; Khan and Hussain (1990a) on cowpea; Fazal and 
Husain (iggia), and Fazal et. al_. , (1991). on lentil. 
Reduction in dry shoot weight of concomitantly 
inoculated plants (Table-4.3) was relatively greater than the sum 
total of reductions caused at the same levels with the single 
nematode inoculations as observed previously by other wov^kers 
(Paez et. a K , 1976; Griffin, 1980; Griffin and Waite, 19a£; Khan 
and Hursain, 1988a; 1990a and Fazal and Husain, 1991a). This might 
be due to alteration of host physiology (Eisenback, 1985), c>r an 
increased rate of penetration, or host suitablility (Bird, 1971; 
Powell, 1979). Reductions in dry shoot weight at higher inoculum 
levels, during combined inoculations, were relatively less than 
the sum tobal of reduction caused by the single species. This is 
in agreement with the similar observations between root knot and 
reniform nematode (Rao and Prasad, 1971; Mishra and Gaur, 1981; 
Rao and Seshadri, 1981; (driver and fllam, 1989). The possible 
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explanation could be the reduction in the number of infection 
sites available for more pathogenic species than for less 
pathogenic species (Duncan and Ferris, 198£; 19S3) or their mutual 
inhibitary interactive effects that caused decline in their 
multiplication rate resulting in reduction of their damaging 
potentials (Khan et_ al. , 19a6a, b; finver and Alam, 1989). 
Both the nematodes, Meloidoqyne incognita and 
Roty 1 enchu 1 us renifcrmis multiplied on black gv^ am (cv. Pant U-19) . 
Their populations progressively increased with an increase in 
inoculum levels but their rate of multiplication declined. These 
findings ar^e in confirmation to those of Mishra and Gaur, 1981; 
Thakar and Yadav, 1985; Gupta et_ al. , 1987; Fasal and Husain, 
1991a; and Baheti and Yadav, 1991. The two species showed a 
varying pattern of reproduction. M. incognita re.'produced far 
better than R.. reniformis. Availability of space to aiccomodate and 
to support the growing populations of both the nematodes, at 
higher inoculum levels, appeared to be responsible fc<r a declined 
rate of their multiplication. This effect was more pronounced for 
R.. reniformis than for M. incognita. The interactive' effects in 
general (Table-4.5), were inhibitory to each other iri concomitant 
inoculation. M. incognita and R.. reniformis mutually suppressed 
rate of multiplication (Mishra and Gaur, 1981; Khai- and Husain, 
1990a; Fazal and Husain, 1991a), when present together. High 
inoculum levels of M. incognita drastically suppressed the 
multiplication of R.. reni form is in comparison to low inoculum 
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levels. This suggested a density dependent relationship. 
Penetration zone for both nematodes is v>oot tip (Linford, 1939; 
Birchfield, ISSS). It is likely that overcrowding and clustering 
of infective units had occurred during penetration at feeding zone 
which allowed fewer of them to penetrate the r^oots. This reduced 
penetration influenced the rate of multiplication. The mutual 
inhibitory effects also appeared due to competition for the 
feeding sites. Since feeding sites for both species in the roots 
were in close proximity (Birchfield, 19G2; Rebois et. al. , 1970; 
Sivakumar and Seshadri, 1972; Bird, 1974; Endo, 1975; Heald, 
1975), therefore the competition for food and space probably 
enhanced the possibility of exchange of toxic metabolities from 
one feeding site to the other. This also had reflected in 
population reduction. 
Reduced nodulation (Table-4.4) might have been due to 
competition between the nematode species and root nodule bacteria 
for root invasion sites <Ichinone, 1961; Epps and Chamber, 1962; 
Malek and Jenkins, 1964) or due. to adverse effects of toxic 
substances of nematode or due to the interruption in translocation 
and/or utilization of host material by the nematode (Khan and 
Husain, 1988). Other possibilities involved could be the 
occupatiovi of sites by root galls (Masefield, 1958) and/or 
suppressinn of lateral roots by R. reni formis (Oteifa and Salem, 
1972) which caused reduction in the number of sites for nodule 
initiatiori (Taha and Kassab, 1980). My findings are similar to 
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those of Balasubrarnanain, 1971; Baker and Hussey, 1376; Yousif, 
1975; Meredith, 1983; Tiyagi et. al. , 1989; Fasal and Husain, 
iggia; Siddiqui and Husairi, 199£, but show variance from those of 
Hussey and Barker, 1974; 1976 who reported stimulation of 
bacterial nodules due to infection of nematodes. 
It is interesting to note that a few rhizobial nodules 
(Table-4. 7) were also developed even on unbacterized black grarn 
plants which might have been due to the presence of native 
Rhizobi um (Bo pa i ah et_ al. , 1976) . 
Better plant growth and lesser damage to the plants 
in bacterized plants than in unbacterized plants, indicated that 
Rh izobi um. if present, proved beneficial for plant growth probably 
because it provided increased nitrogen, needed for the plant. 
Reduced plant damage caused by the nematodes in bacterized plants 
has also been reported by others (Bopaiah et^  al. , 1975; Khan and 
Khan, 1988; Siddiqui and Husain, 1992). The observation is at 
variance with those of Singh et_ ai.-i 1377; fill et. al-, 1981; 
Varshney, 1982; who observed greater damage of Rhizobi um treated 
plants. 
Least plant damage occurred when Rhizobi um was added 
10 days pv^ior to one or both the pathogens, but maximum when 
inoculation was followed by Rh izobi um after 10 days <Table-4. 7). 
The plant damage was of intermediate order in case of simultaneous 
inoculation. It appears that prior establishment of Rh izobium 
ameliorated plant growth and thwarted the pa:hogens activity. When 
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M. incognita, established 10 days earlier than Rhizobi urn and R,. 
reni formis, the damage was quite high, probably, because the 
nematode had carried out certain mandatory physiological and 
biochemical changes for its own favour, inside the host tissue. 
In the treatments where inoculation with R.. reniformis 
was performed 10 days before the application of Rh izobi um and M. 
incognita, the damage was comparatively lesser than that where M. 
incognita was supplied earlier. The damage might be due to 
preoccupation of feedings sites by the pathogens or due to certain 
biochemical changes in the host tissue. 
fl relatively less plant damage was obtained by a.ri 
earlier application of Rh izobi urn and R^. reni f ormis followed by M. 
incognita than the plants inoculated with R. reniformis followed 
by Rh izobi um and M. incognita. From this observation it may be 
assumed that prior establishment of Rhizobium provided a kind of 
protection to the plant. The same pattern was also obr>erved when 
Rh izobi um and M. incognita were applied prior to R.. renif ormis. 
Simultaneous inoculations with M. incoqn .ta and R^ . 
reniformis showed a positive interaction. Such types of 
interactions involving different nematode species have; also been 
reported by earlier workers such as Paez et. ai.. , (197£»); Griffin 
(1980); Griffin and Waite (19a£); Khan and Husain, a9a8). On the 
other hand, Estores and Chen (197£), Mishra and Gaur ';19S1), Rao 
and Beshadri (1981), Khan et^  al.. (19a6a,b; 1987), and flnver and 
Rlam (1989) have reported negative interactions involving the two 
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nematodes ori different crop plants. 
In combined inoculations the interactive effects of 
both the nematodes were inhibitory to each other. The mutual 
inhibitory effects were reported between these nematodes on 
different crops (Rao and Seshadri, 1981; Khan et. ai.. , 19a6a, ISSSb 
Khan and Husam 1988, 1990; flnver and Pllam, 1989; Fazal and 
Husam, 1991). Reduced multiplication rate of both the nematode 
species in case of combined inoculation was probably due to 
the antagonistic relationship between the two. The zone of 
penetration for both the nematodes is the root tip (Lmford, 1939; 
Birchfield, 196£), and it is likely that ovei—crowding and 
agglumeration in the zone of penetration resulted m reduced 
penetration of both kind of infective units. Moreover, the feeding 
sites of both the nematodes a^r^e m close proximity inside the 
roots (Birchfield, 195c:; Rebios et. al. , 1970; Sivakumar and 
Seshadri, 197£; Bird, 1974; Endo, 1975; Heald, 1975) which result 
in a fierce competition for food and space. This probably enhanced 
the possibility of e(change of toxic metabolites from one feeding 
site to the other. These findings were reflected by the reduced 
rate of nematode mu tiplication. Sequential nematode inoculation 
was time dependent, i.e., ar^ earlier establishment of one of the 
two nematode species> mutually antagonised the multiplication of 
the other subsequently inoculated species. Multiplication of the 
subsequently inocula'f^ed nematode species might have been adversly 
affected due to certairi biochemical processes induced by the 
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previously inoculated nematode species or the species that got the 
opportunity to invade eat-l ler, occupied the root surface, and 
established its endoparasitic life, ftnother possibility might be 
that, the nematode inoculated subsequently got little time for the 
completion of its life cycle. Our results though substantiate the 
earlier findings of Ross (1964)5 Gay and Bird (1973); Bharma and 
Sethi, (1376); and Khan and Husain (1988) are at variance from 
Jatala and Jensen (1983) who reported the prior infection by M. 
hapla stimulated multiplication of Heterodera schachtii• 
fin alteration in root exudates of nematode infected 
plants may cause a reduction in nodule number. Survival of 
rhirobia in the rhizosphere Arid their colonization on the 
rhi=oplane are greatly influenced by root exudations (Bhagwat and 
Thomas, 198c:; Sawarzesaka and Carlisle, 1985). Plant parasitic 
nematodes have been shown to alter quantitatively and 
qualitat vely the root exudates of infected plants (Wang and 
Bergeson 1974; Ingham and Coleman, 1983). Consequently, 
establ is'iment of rhizobia on or around legume roots may be 
affected by nematode infection (Huang, 1987). finother possible 
explanat on might be dysfunction of lectin binding capacity of 
Rhizobiun by the secretions released from nematode infected roots 
(Rohde, -975; Varshney ejt. aJL- , 1987). Root nodule bacteria bind to 
the leg ime roots via a lectin on the root surface (Bhuneswari et 
al. , 1977, 1980). Nematode infection interferes with the lectin 
metabolism (Huang e_fc_ <il. , 19S4) and affects these bacterial 
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binding sites on the root surface, to limit the bacterial 
establishment for symbiosis (Huang, 1987). These explanations 3.ro 
advanced, m addition to various others, such as an aritagornsb ic 
competition phenomenon between nematodes and bacteria for root 
invasion sites (Malek and Jenkins, 1964), nutritional deficiency 
m the host plant (Masefield, 1953), physiological changes m the 
host plant (Balasubrarnanian, 1971; Hussaini and Seshadri, 1975), 
adverse affect of toxic substances of nematodes or Rhizob]urn (Khan 
and Husam, 1988), occupation of nodule initiation sites by root 
galls (Masefield, 1958) and suppression of lateral roots by R.. 
r e m form IS (Dteifa and Balern, 1972) which caused reduction in the 
number of sites for nodule initiation. 
4-6 Summary 
Investigation on the pathogenicity of Meloidoqyne 
incognita and Rotylenchulus r e m formis confirmed the destructive 
effect of these nematode species on black gram cv. Pant U-19. 
Lowest inoculum levels of both the nematode species caused no 
significant damage or plant growth reduction, but with the 
increasing inoculum levels there was an increased growth 
reduction. Intial tolerance limits of black gram cv. Pant U-19 to 
M. incognita and R. i-'eniformis were 1,000 J^ and J^/Kg soil, 
respectively. Nematode infestation decreased the number of nodules 
per plant. However, a significant decrease was recorded at sri 
irjitial inoculum level of 500 nematod(?s/Kg soil. Meloidoqyne 
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incognita was more damaging than Rotylenchul HS r e m f ov^ rni s. The 
rate of mult i pi icat ion of each species decreased with the merease 
1n inoculum level. 
The interaction between M. incognita and R.. 
rent formis was studied using varying inoculum levels and their 
combinations. In single species inoculations, the extent of growth 
and nodulation reduction was nematode dependent. Meloidoqyne 
incognita was more damaging pathogen than Rotylenchulus 
r e m form is. The reduction in plant growth and nodulation was 
directly proportional to the increase in inoculum levels of test 
pathogens. Both the nematodes m single species inoculation 
multiplied at varying rates. Their rate of population increase 
declined at higher inoculum levels. In most of the combinations, 
reduction m plant growth cind nodulation on concomitant 
inoculation were highev* than the sum total of reductions caused by 
the same inoculum levels when inoculated separately on single 
species inoculation and thus shiowed a positive interaction. In 
combinations, 4,000 M. incoqnitci., plus £,000 R.. r e m form is, and 
4,000 M. incognita plus 4,000 R.. r e m form is, the interaction was 
negative. In concomitant inoculations, the interactive effects of 
both the nematodes were mutually inhibitory, and thus showed a 
mutual antagonistic mtev—relat icnsh ip. 
Plant health was sigrificantly improved as a result of 
bacterization and, therefore, the bacter^ned plants when 
inoculated with test nematodns, either singly or in various 
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combinations of pre, post and siriiul taneous inoculations, suffered 
a significantly lesser damage than unbacterined plants. 
Inoculation of one or both the pathogens, prior to Rh irobi urn was 
more damaging to plant growth than to the plant that were 
simulataneously inoculated with one or both the pathogen/pathogens 
at the time of Rhizobium application. Application of Rhinobiurn 
before inoculation of nematode species, either singly or m 
various combinations, resulted in significantly lesser damage than 
when Rhizobium was applied simultaneously alongwith one or both 
the nematode species or when inoculation was followed by Rhi:::obium 
application. The damage was significantly less when the plants 
were inoculated with R.. r e m form is and treated with Rhinobium 
earlier than M. incognita as compared to that wher-^ e the plants 
were inoculated with M. incognita and treated with Rhizobium prior 
to R^. renformis inoculation. R.. renformis whc^n introduced 10 days 
prior to M. incognita and Rhinobium together, damaged the plant 
growth to a lesser extent as comapared to that when M. incognita 
was introduced 10 days before R.. r e m form is and Rhizobium 
together. The rate of multiplication of both the nematode species 
was poor in the presence of Rhi;obium, when inoculated 
simultaneously or sequentially as compered to inoculations with 
nematode alone. In concomitant moculatjon, the population of each 
nematode species inhibited the mult i p'' icat ion of the other. In 
simultaneous inoculations the interac:tive effect of both the 
nematode species were mutually antagonistic. Sequential 
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inoculation showed that priov establishment of one nematode 
species invariably inhibited the multiplication of the other 
nematode species subsequently inoculated. 
lOG 
5. EXPERIMENTflL-II: NEMATODE MfiNOGEMENT 
5.1 Introduction 
Pulse crops occupy a very important position in the 
Indian Agriculture as they consitute the chief protein source for 
an overwhelmingly large vegetarian population. ftmong different 
obstacles to the pulse production m developing countries, one is 
the damage caused by different pathogens and pests including plant 
parasitic nematodes, where the root—knot (Meloidoqyne spp. ) and 
r e m form (Roty1enchu1 us reniformis) nematodes are widely 
associated with reduction m the pulse production. Their 
worldwide distribution, extensive host range and ability to form 
disease complexes with fungi, bacteria, viruses and other 
nematodes, make them potentially serious constraints to the crop 
productivity. Black gram, like other pulses is also susceptible to 
the infection by these two nematode species. 
'Several researchers have interpreted crop losses due 
to plant-pa "asit ic nematodes m monetary tev^ms. The most recent 
report, bas=d on an extensive global survey, has been presented 
by Sasser and Freckman <1987) that displayed a loss of more than 
$100 billio'i per annum only due to nematodes. This grim situation 
certainly justifies adoption of proper management of nematodes. 
Control mei^sures car\ be classified as chemical, physical, 
biological, cultural, and regulatory. Chemical methods were ovioe 
seen as requiring little back-up from other methods of control. 
Now,however, with the recent awareness of their being potential 
threat to the environment and health, there is an increasing 
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pressure to reduce chemical usage in developed countries to 
provide less expensive means of non-chemical and suitable for use 
in under developing countries, and to integrate different control 
methods to achieve these objectives. 
Control of nematodes is primarily about control of 
crop damage. The control of nematode damage may be aimed at 
preventing nematode entry, suppressing its population, mitigating 
its effect, or a combination of these principles. It has been 
greatly reali::ed that different nematode management strategies 
have their own limitations, though to varying extents. Oostenbrink 
(197E'), however, claimed a wider scope of combining different 
control methods in a complementary manner. Thomson et_ al. , (19S3) 
were of the view that the integrated pest management might be the 
best strategy for nematode management. The root damaged by the 
nematodes is proportional to the population density (Semhorst, 
1965). Hence mte'grated control is about using a range of measures 
to decrease populations below the point where they might not 
threaten the ne) t susceptible host crop (Trudgill et_ a_l.. , 199,2). 
This requires an ability to understand the ecology and biology of 
crops, pests and their natural enemies. Recording to Trudgill and 
his coworkers (l'E9c:), integrated control requires the modelling of 
both yield loss and population dynamic relationship. Ferris (1976) 
rightly suggestec that integrated nematode managemnt (INM) concept 
should be to maximize the crop production. In recent past, various 
mtergrated nematode managenient <INM), strategies with varying 
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degrees of success have been tried iri developed countries-
(Webster, 1972; Ruelo, 1983; filphey et. al_. , 1968). Such studies 
have also been attempted in India (Ravichandra and Krishnappa, 
1985; Jain and Bhatti, 1988; Zaki and Bhatti, 1990; Parvatha Reddy 
and Khan, 1991). These studies, though basically emperical, 
at least have disclosed possibilities of combining different 
methods. 
The integration of different control methods offers 
effective possibilities of greater practical values in the 
suppression of harmful nematode population densities as well as in 
prevention of their further build up. Hence, integrated management 
of root-knot and reniform nematodes infecting black gram either 
singly or concomitantly was attempted. 
Planting zultivar, resistant to nematode, is one of 
the several important components required for nematode management 
and efficient crop production. Plant resistance has received 
considerable importance of the past decade with the cancellation 
of permits for the us= of DBCP (1,£- dibromo- 3- chloropropane) 
and EDB (ethylene dibromide) fumigant nematicides. Resistant 
cultivars provide specific advantage in nematode management scheme 
including: i) suppresseiJ nematode reproduction, ii) reduced risk of 
toxic residues in th;? environment and food chain, iii) lack of 
requirement for special application technology or equipment and 
iv) generally uniform seed cost compared to susceptible cultivars 
(Cook and Evans, 1937). Utilisation of nematode-resistant 
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cultivars resulted m reduced yield losses, increased grower 
profits and lowered cost of food and fibres For consumers (E-ioerma 
and Hussey, 199iE). For example, cultivars resistant to Heterodera 
glycines m infested soil yielded 10-50"/ more than susceptible 
cultivars <E:pp et_ al. , 1981; Hartwig, 1981; Young and Hartwig, 
1988). The use of H. glycines resistant soybean (Glycine max > 
cultivar Farrest prevented approximately $401 million yield 
losses (Bradley and Duffy, 198£). The yields of soybean cultivar, 
resistant to Meloidoqyne incognita, were five times greater than 
those of highly susceptible cultivars (Kmloch e^b^  al. , 1985). 
Often resistant cultivars without nematicide treatment yielded as 
much high as susceptible cultivars treated with nematicides (Epp 
et al., 1981). 
Despite the relative importance of M. incognita and R.. 
r e m formis as pathogens of black gram, very few cultivars 
resistant to these nematodes are avialable (Routaray et_ al. , 1986; 
Handa, 1990). The objective of this study was to examine the 
available black gram cultivars, for locating resistance to M. 
incogni ta or R. r e m form is. 
5.2 Materials and Methods 
5.2.1 Integrated Management of Weloidogyne incognita and 
Rotylenchulus remformis 
5.2.1.1 Substances Used for the Management of Test Nematodes 
Two chemicals, two fungi (characterised as biocontrol 
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agents), leaf extracts of three plants of Cornpositae (ornamental), 
Chopped leaves of three plants of Cornpositae (wild), two oil—cakes 
and three inorganic fertilisers were used, individually and in 
some specific combinations (mentioned experirnent-wise) , at two 
different dosages to manage the disease incidence caused by 
Meloidoqyne incognita and Rot ylench u1 us reni formis, whether 
present singly or concomitantly on black gram. 
5.2.1.1.1 Use of Chemicals in Experiments. 5.4.1.1 and 5.4.1,6 
5.2.1.1.1.1 Furadan (Carbofuran) (Fu) 
Furadan is available as 3% granules. It was obtained 
from Rail is India Limited, £1 D, Sukhadvala Marg, Bombay. It is 
highly active systemic granular carbamate insecticide/nematicide 
with a broad spectrum of activity for the control of insects and 
nematodes. It was incorporated into the soil, one week prior to 
sowing, at the rate of 0.05 (Fu^) and 0.10 (Fug) g a. i./Kg soil, 
in granular form. Furadan at tne rate of 1.65 and 3.30 g/Kg soil 
was thoroughly and uniformly mixed with the soil in order to 
obtain 0.05 and 0.10 g a. i./Kg soil, respectively. 
5-2. 1.1. 1.2 Nemark (Ne) 
Nemark, a hev^bal product, used in the experiment was 
supplied by West Coast HerbiriChem Private Limited, Bombay. It 
contains 15"X neem extracts as granules. Nemark was applied at the 
rate of 0.5 (Nej^ ) and 1.0 (Nep) g a. i./Kg soil one week prior to 
sowing and was uniformly and thoroughly mixed with the soil. It 
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was applied at the i-^ ate of 3.34 and 6. £7 g /Kg soil to obtain 0.5 
and 1.0 g a. i./Kg soil, respectively. 
5.2-1-1.2 Use of Bio—control Fungi in Experiments 5.4.1.1-5.4.1.3 
5. 2. 1-1-2.1 Paecilomyces lilacinus 
The culture of P. 1 i 1 acinus (Thorn.) Samson, used in 
the experiments 5.4.1.1-5.4.1.3, was obtained from International 
Potato Center, Lima, Peru. Richards liquid medium (Riker and 
Riker, 1935), was used for its mass production. The mycelia were 
blended to make mycelial suspension for soil application. The 
Richard's liquid medium consisted of the following: 
Potassium nitrate (KNO-v) 10.00 g 
Potassium dihydrogen phosphate KHgPO^ 5.00 g 
Magnesium sulphate MgS04.THgO S.50 g 
Ferric chloride FeClg 0.02 g 
Sucrose Ci^HeoOu 50.00 g 
Distilled water 1000.00 ml. 
5-2.1.1.2.2 flcrophialophora fusispora 
fln isolate of fl. fusispora (Saksena) M.B.Ellis 
ov-iginally isolated from ''emales of Meloidoqyne incognita (Husain, 
1988) was used in the exporiments 5.4.1,1-5.4.1.3. The isolate was 
maintained on Potato Dextrose ftgar (PDA) slant. 
For experimental use, the fungus was cultuv^ed en 
masse by inoculating a mixture.of moist sterilized milled maize 
grain and river sand (1:1 V/V). ftftev- three weeks, the cultures 
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were washed with a fine spv^ay of water and passed through 50 urn 
aperture sieves to remove the culture medium. The residue left ori 
the 50 urn sieve consisted mainly fungal mycelium. The constituents 
of PDA (Riker and Riker, 1936) are given below: 
Agar 17.00 g 
Potato peeled and sliced i=:00. 00 g 
Dextrose diO. 00 g 
Distilled water 1,000. 00 m1 
5. £-1.1. 2. 3 Prepar-ation of Fungal Inoculum 
100 g of rnycelia of either of the fungi were blended 
m 1,000 rnl distilled water, separately, m Waring Blender, so 
that 10 rnl of suspension consisted of one g mycelial suspension. 
The fungi, £. 1i1acinus and fi" fusispora used m the 
experiments 5-4.1.1-5.4.1.3 were incorporated into the soil around 
the root zones of black gram simultaneously with nematode mocula 
at the rate of 1.0 and £.0 g rnycelia, and 5.0 and 10.0 g 
rnycelia/Kg of soil, respectively, m the form of suspension. 
5.2.1.1.3 Use of Chopped Leaves in Experiments 5.4.1.2 
5.2.1.1.3.1 Eclypta alba (L. ) Hassk. PI. Javan. Rar. (Ea) 
The plant belonging to the family Cornpositae 
(Osteraceae) is found as a waId herb m watersides, fields, 
ditches, roadsides, waste places and grassy humid localities. The 
plant IS used for curing spleen enlagrernent. It also relieves 
headache when applied wibh oils. The juice of the leaf is given m 
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jaundice and fevers. It was applied as soil amendment in two 
dosages (.Ea^ and Eag) . 
5.2.1-1.3.2 Bidens bitet^nata (Lour-.) Merr. (Bb) 
The plant is an annual, wild and weedy herb 
belonging to the -family Cornpositae. It is used as medicinal plant 
in Malaya, Java and Indo-China. On infusion of the plant is taken 
in Malaya for coughs. Its chopped leaves were mixed with soil in 
two dosages (Bbj and Bbg) -
5.2.1.1.3.2 Eriqeron bonariensis L. (Eb) 
It is a wild herb of the family Cornpositae, 
(flsteraceae) common in waste places, roadsides, fields, tea 
plantation, gardens, and orchards. In Malaya its leaves are used 
to cure rheumatism and lumbago. The leaves and roots are used for 
poulticing. Its chopped leaves we?re applied as soil amendment in 
two dosages (Ebj^  and Eb^)-
5.2.1.1.3.4 Preparation of Chopped Leaves 
Fresh leaves o"' above mentioned plant species 
were collected and thoroughly wiished in distilled water. These 
were, then, disinfected in 0.1'/. mercuric chloride, and washed 
thrice in distilled water, thoroughly. Disinfected leaves were 
chopped into small pieces. 
Chopped leaves of a'..l the three plant species were 
individually mixed with soil at the rate of 5 and 10 g per Kg of 
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soil. The rnixing was done one week in advance of sowing to avoid 
phytotoxic effects, if any. The pots wei-^ e watered immediately 
after the treatment. 
5.£-l-1.4 Use o-f Leaf Extracts in Experiments 5.4.1.3 and 5.4.1.4 
Leaf extracts of Helianthus annuus L. (Ha), Taoetes 
erecta L. (Te) and Zinnia eleqans Facq. Coll. <Ze) belonging to 
the family Compositae (flstev^aceae) were used in two dosages 
(1,£) in the experiments 5.4.1.3 and 5. 4-. 1.4. These plants Bre 
reported to have nematicidal properties ( Mahmood et_ al. , 1979; 
ftkhtar and filam, 1990; Tiyagi et_ al. , 1991). The seeds of these 
plants were obtained from Suttons Seeds Limited, Calcutta, India. 
Their leaf extracts were applied at the time of nematode 
inoculat ion. 
5.2.1.1.4.1 Prepa»"afcion of Leaf Extracts 
For leaf extracts, fresh leaves of above mentioned 
plants of the family Compositae were thoroughly washed, chopped, 
and £50 g of each were macerated seperately in a grinder with £50 
ml of distilled water. Slurry thus obtained was squeezed out 
through double layered cheese cloth and kept in a freezer for 24 
h, after which, it was centrifuged for £0 min at 6,000 r. p. m. The 
pellet obtained was discarded, and the supernatant collected. The 
extract thus obtained was incorporated into the soil at the rate 
of 5.0 ml (1) and 10.0 ml/Kg soil (£) each, around the rootzone at 
the time of nematode inoculation. 
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5.2.1.1.5 Use of Oil-Seed Cakes in Expev-irnents 5. 4. 1. 4-5. A. 1. 5 
5.2.1.1.5.1 Neem oil seed oake (Nc) 
Neern (flzadirachta indica Pi. Juss) oil-seed cake was 
obtained from the local market and was uniformly mixed with 1 Kg 
of soil in the form of powder. It was applied at the rate of 0.5 
<Nci) and 1.0 gN/Kg of soil <Nc£.) . 
5.2.1.1.5.2 Mustard oil—seed cake <Mc> 
Mustard (Brassi.ca campestris L. ) oil seed cake 
was purchased from the local market. It was ground thoroughly and 
uniformly mixed with 1 Kg of soil at the rate of 0.5 g <Mcj^ ) and 
1.0 gN/Kg of soil (Mcg). 
Neem and mustard oil-seed cakes were applied at 
the rate of lO and £0 g per Kg soil, in order to obtain 0.5 and 
1.0 g N/Kg soil. Oil-seed cakes were allowed to decompose fur £0 
days to avoid phytotoxic effects, if any. Judicious watering was 
done to keep the oil-seed cake - soil mixture moist. Oft=r £0 
days, healthy seeds of black gram were placed in each pot (© 5 
seeds/pot). 
5.2.1.1.6 Use of Inorganic Fertilizers in Experiments 5. '+. 1.5-
5. 4. 1.6 
5-2.1.1.6.1 Nitrogen. 
Nitrogenous material used in the experiments 
5.4.1.5 and 5.4.1.6 was ammonium sulphate C <NH/^ ) £304 ^t obtained 
from Glaxo Laboratories (India) Limited, Bombay. It was mixed 
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directly with IKg of soil at two dosages at the i^ ate of 0.05 (Nj ) 
and 0.10 (Ng) g N/Kg soil. Judicious watering was done to keep the 
rnixtut-^ e moist. 
5.2.1.1.6.2 Phosphoi-us 
Phosphatic fertilizer used in the experiments 
5.4.1.5 and 5.4. l.G was super phosphate CCad-lgPO^) and CaHPO^] 
obtained from the local market. It was applied at the rate of C I S 
(Pj) and 0.24 (Pg) g P/Kg soil. Both the dosages of phosphatic 
fertiliser, were mixed individually with 1 Kg of soil, and 
judicious watering was done to keep this mixture moist. 
5.2. 1.1. &. 3 Potassium 
Muriate of potash (KCl), purchased from the local 
market, was used in the experiments 5.4.1.5 and 5.4.1.6 as the 
source of potassium. It was applied at the rate of 0.03 (Kj^  ) and 
0.06 (Kg) g K/Kg of soil. Both the dosages of potassium were 
uniformly mixed with 1 Kg of soi1,individually, and judicious 
watering was done to keep tne mixtures moist. 
Inorganic fertilizers were mixed with the soil 15 days 
in advance of sowing, ftfte'^ 15 days, healthy seeds of black gram 
were sown in each pot (i? 5 'seeds/pot). 
5.2.1.2 Plant Materials 
Seedlings of black gram (Viqna munqo) cv. Pant LJ-19 
were germinated in 15 cm diameter earthen pots filled with 1 Kg 
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autoclaved potting mixture, unarnerided and amended with different 
substances, unless stated otherwise, individually and in various 
combinations. Priov^ to sowing the seeds were surface sterilized 
with 0.1 % mercuric chloride and subsequently treated with 
Rh is obi urn (black gram strain) using 5'/- sucrose ^^\CL '^ Es'-'ll' 
solution as sticker. One week after germination, one healthy 
seedling per pot was v^etained. The plants were irrigated whenever 
required. The procedure is described in Chapter-3. 
5.2.1.3 Nematode Inoculum 
Infective stages of Meloidoqyne incognita and 
RotV1enchu1 us reniformis were obtained from the culture maintained 
in green house. l,00O infective stages of either of the nematodes 
were pipetted one cm deep into the soil r\GS.\-^ the base of each 
plant root, singly and concomitantly ( details in Chaptei—3). 
5. 2. 1.4 Parameters 
Two months after inoculation, plants from each 
treatment were uprooted and roots were rinsed free of soils. The 
following parameters wev^ e concideved to describe the results of 
the experiments 5.4.1.1-5.4.1.6. 
1) Dry shoot weight, 
£) Number of bacterial nodules per root. 
3) Number of galls per root, 
4) Rate of nematode reproduction (Pf) of each nematode species. 
Dry shoot weight .Bnd number of nodules and galls per 
IIB 
root system were determined by standard methods <describred in 
Chaptei—3), and mean value was calculated. For determining the 
rate of nematode multiplication (Rf), total nematode population 
(Pf) (root+soil) was counted (Southey, 1985), and Rf was 
calculated as Rf = Pf/Pj^, where Pf is the final population and P^ 
is the initial population (1,000) (Oostenbrink, 1966). 
Per cent increase or decrease in dry shoot weight and 
nodulation and decrease in Rf value of each nematode species and 
number of galls were calculated over respective control. Per cent 
increase or decrease in the parameters of uninoculated and treated 
plants were calculated against uninoculated untreated plants 
(control) whereas inoculated and treated plants over respective 
inoculated untreated plants (control). For instance in the 
experiment 5.4.1.1, increase in dry shoot weight of M.incognita 
inoculated and P.1ilacinus treated plants, was' calculated over 
M.incognita inoculated untreated plants (Bfo+Fuo+Mi). Similarly, 
increase in dry shoot weight of R.reniformis inoculated and 
ft.fusispora treated plants was calculated against R. reniformis 
inoculated untreated plants (Bfo+Fuo+Rr). 
5.S. 1.5 Statistical Analysis 
The experiments 5. 4. 1. 1-5.4. 1.S were laid out in 
randomised block design. For analysing the variance, randomized 
block design was further extended to split the factors and 
analysed by extending the methods of Fi-scher (1950). While 
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analysing the data, bio-contr-ol fungi (Expts. 5.4.1.1-5.4.1.3, 
oil-cakes (Expts. 5.4.1.4-5.4.1.5) and chemicals (Expt. 5.4.1.6) 
were considered as factor one <Fj^), leaf extracts (Expts. 5.4.1.3 
and 5.4.1.4), chopped leaves (Expt. 5.4.l.£) and inorganic 
fertilizers (Expts. 5.4.1.5 and 5.4.1.6) as factor two (Fg) . 
Nematodes in all the above mentioned Experiments was considei-^ed as 
factor three (F3)." The significance of variance was calculated at 
P(0. 05 level. 
5.2.2 Rela-fcive Response of Black gram Cultivars to Weloidoqyne 
incognita and Rotv 1 enchu 1 us t"eniforniis 
5.2-2.1 Plant Mater-ials 
Twenty eight cultivars of black gram vis. PDU-3, PDU-5, 
PDU-6, PDU-7, PDU-a, PDU-10, Pant U-19xT-^g, Pa.',t U-30, NP-16, 
NP-21, PS-1, UG-218, IC-5309, Type-£7, Jhasi 141-18, Phu-7g, 
Phu-£06, Phu-537, Phu-573, Phu-£13xPDU-30, Jhabua Local, Janagrth 
Manipur, JU-585, Pant U-19, Early sel, K-56-136, Sikkim Local, 
were tested against M. incognita and R. reni form! s, individually. 
Surface sterilized, bacterized seeds of above mentioned black grarn 
cultivars were germinated in 15 cm earthen pots "^illed with IKg 
steam-sterilized potting mixture. Seven-day old h(?althy seedlings 
of uniform size of each cultivar was retained. 
5.2. 2. 2 Nematode Inocu1at i on 
Seven-day old healthy seedlings of each cultivar were 
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inoculated with 1,000 infective stages of each nematode species, 
individually. Nematode inoculum was obtained from pure culture 
maintained in glass house. Noninoculated seedlings served as 
control (Nto). 
5.2. S-3 Paramet ers 
The degree of resistance srid susceptibility of black 
gram cultivars to M. incognita and R.. reni form is was determined by 
using Husain's (198&) indices as elaborated in Table-5. 1, 5.£ with 
slight modification. 
5.2.2.4 Statistical Analysis 
Statistical analysis of the data of the Experement 
5. 3. £ for critical difference (CD.) at P <0. 05 level was done as 
per procedure described by Panse and Sukhatme (1989). 
5.3 Experimental Design 
5.3.1 Integr^ated Management of Meloidoqyne incognita and 
Rotylenchulus reniformis 
5.3.1.1 With Bio—Control Fungi and Chemicals (Expt. S.'^.l.l) 
Two fungi viz. P.1i1acinus and Q.fusispora 
(characterised as biocontrol agents) and two chemicals, Furadan 
and Nemark were used, individually and in various cornbi'lat ions, at 
two different dosages to manage the disease incidence caused by 
Meloidoqyne incognita and Rot y1ench u1 us reniformis. whether 
present singly or concomitantly, on black gram. 
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TablesS. 1 Resistance-susceptible index for* evaluation of plant 
resistance to root—knot nematodes. 
INDEX PflROMETERS PLANT 
RESPONSE 
No g a l l i n g , n o n e m a t o d e r e p r o d u c t i o n , n o 
r e d u c t i o n i n d r y s h o o t w e i g h t 
1 - 1 0 g a l l s , r e p r o d u c t i o n f a c t o r (R f> < 1 
d r y s h o o t w e i g h t r e d u c t i o n u p t o 5 . 0 0 % 
IMMUNE 
<I) 
RESISTftNT 
(R> 
11-20 g a l l s , r e p r o d u c t i o n f a c t o r 1 . 0 1 - 2 . 005 .^ 
d r y shoo t w e i g h t r e d u c t i o n 5 . 0 1 — 10.0054 
MODERfiTELY 
RESISTANT 
(MR) 
21-30 galls, reproduction factor a.Ol-S.OOy. TOLERANT 
dry shoot weight reduction lO. 01-15. 0O54 (T) 
31-100 galls, reproduction factor 3.01-5.00% 
dry shoot weight reduction 15. OA-25. 00"/-
SUSCEPTIBLE 
(S) 
More than 100 ga1 Is,reprotion factor more 
than 5. GO, dry shoot weight reduction 
more than 25.00% 
HIGHLY 
SUSCEPTIBLE 
<HS) 
Table:5.2 Resistance—susceptible index for evalution of plant 
resistance to renifortnis nematodes. 
INDEX PRRPIMETERS PLANT 
RESPONSE 
No mature females on roots, reproduction 
factor 0. 10-O.50, no reduction in dry 
shoot weight 
IMMUNE 
(I) 
1-20 females/root, reproduction factor 0.05- RESISTANT 
1.00, dry shoot weight reduction 1.00-5.00% <R) 
21—40 females/root, reproduction factor 
1.01-2.50, dry shoot weight reduction 
MODERATELY 
RESISTANT 
<MR) 
41-60 females/root, reproduction factor 
2.51—4.00, dry shoot weight reduction 
10.01-15. 00 
TOLERANT 
(T> 
61—80 fernales/root, reproduction factor 
4.01—5.00, drt shoot weight reduction 
15.01 -25.00% 
SUSCEPTIBLE 
(S) 
More than 80 females/root, reproduction 
factor more than 6.00%, dry <5hoot weight 
reduction more than 25.00% 
HIGHLY 
SUSCEPTIBLE 
(HS) 
5. 3. 1- 1. 1 Exper'imental 
The experiment was designed accov^ding to the following 
treatment scheme. The chemicals were applied one week in advance 
of sowing, while the fungi were applied simultaneously with the 
nematode inoculation. 
1) a noninoculated untreated control (Bfo+Fuo+Nto) , 
£) inoculated C with M. incognita or R.. reniformis or both H 
untreated control <Bfo+Fuo+Mi, Bfo+Fuo+Rr, Bfo+Fuo+MiRi, 
respect ively), 
3) uninoculated treated with chemicals Furadan (Fuj^  and Fug) and 
Nemark (Ne^ ^ and Neg), 
4) inoculated treated with chemicals, 
5) non inoculated treated with fungus £. li 1 acinus <P1]^ and Pig) 
and ft. fusispora (fifj and ftfg), 
G) inoculated treated with fungus, 
7) non inoculated treated with chemicals plus fungus,and 
8) inoculated, treated with chemicals plus fungus. 
Controls (1) having neither any pathogen (Nto) nor 
treated with any chemicals (Fuo) or fungi <Bfo) or both, served as 
untreated uninoculated control. In controls (£) plants '4er'e 
inoculated with nematodes only (single species or concoriii;ant 
inoculations) and hence, served as inoculated untreated control. 
5.3.1.2 With Bio—Control Fungi and Chopped Leaves (Expt. 5.4. l.E:) 
Chopped leaves of three wild plants of the family 
X. v-t-
Cornpositae plarits , namely E. al ba, B, bite^-^nata and E. bonar iensis 
and two fungi (£. 1 ilacinus and Q. fusispova) were used in two 
dosages for the management of M. incognita and R.. reniformis, when 
present singly or concomitantly, on black gram. The efficacy of 
chopped leaves and fungi were tested in individual application as 
well as in various combinations. The leaves were mixed with soil 
one week in advance of sowing while fungi were applied 
simultaneously with nematode inoculation. 
5.3.1.2.1 Exper-iraental. 
The experiment was designed on the basis of the 
following tv-eatment scheme. 
1) a noninoculated untreated control (Bfo+Cho+Nto) , 
£) inoculated with M. incognita (Mi) ov^  R^. reniformis (Rr) or 
both (MiRr) untreated control (Bfo+Cho+Mi, Bfo+Cho+Rr o^-^ 
Bfo+Cho+MiRr), 
3) noninoculated and trf?ated with fungus £. 1 i lacinus <Plj or 
Pig) and fl. fusispora [fifj or F4), 
4) inoculated and treated with fungus, 
5) noninoculated and amended with chopped leaves of E. alba (Ea^ 
or Ea^.), B. biternata 'Bbj^ or Bbg) or E. bonariensis (Ebj^  or 
Eb£), 
6) inoculated and amended with chopped leaves, 
7) noninoculated and treated with fungus plus chopped leaves in 
various combinations, and 
B) inoculated and treated with fungus plus chopped leaves in 
1 C<^ 
various combinations. Details of various combinations are 
elaborated in Table-5.8. 
To control plants <1), neither the nematodes (Nto) nor 
the fungus (Bfo) C'\r chopped leaves (Cho) were added, and thus 
served as noninoculated untreated contv-'ol, while those receiving 
only nematodes, singly or concomitantly, as inoculated control 
(£) . 
5o3.1.3 With Bio—Control Fungi and Leaf Extracts (Expt. 5.4.1.3) 
Two fungi viz., £. 1ilacinus and Q, fusispora 
(characterized as biocontrol agents) and leaf extracts of three 
plants of the family Compositae viz., H. annus, T, erecta and Z_. 
eleqans were used individually and in various combinations at two 
different dosages to manage the disease incidence, caused by M. 
incognita and R^. reni f ormis, when present singly or concomitantly, 
on black gram. 
5.3.1.3.1 Experimental 
The experiment was designed according to 1 he following 
treatment scheme. 
1) a noninoculated untreated control <Bfo+Pxo+Nto) , 
£) inoculated with M. incognita (Mi) or R- reni forn is iRr) or 
both (MiRr), untreated control, 
3) noninoculated treated with fungus P_. 1 i lac in us (Plj or Pig) or 
B." fusispora (F\f^ or ftfg)-
4) inoculated treated with fungus. 
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5) noriinoculated treated with leaf extracts CH. armuus (Haj^, Hag) 
T. erect a (Tej, Teg) ov^  Z_. eleqans (Ze^ j^ , Zeg)], 
6) inoculated tv^eated with leaf extracts, 
7) noninoculated treated with fungus plus leaf extract in 
various combinations as elaborated in Table—5, 13, and 
S) inoculated treated with fungus plus leaf extracts. 
Untreated and uninoculated control plants (1) were 
neither having any nematode (Nto) nor were treated with fungi 
<Bfo) or leaf extracts (Pxo) or both, while untreated inoculated 
control (2) had only nematodes. 
5.3.1.4 With Oil- Cake and Leaf Extracts (Expt. 5.4.1.4) 
Extracts of three plant species and two oil seed cakes 
were used at two dosages as soil amendment to manage the disease 
incidence caused by Meloidoqyne incognita and Rot y1ench u1 us 
reniformis, when present singly or concomitantly. The mixing of 
plant extracts and oil-seed cakes with soil was done both, 
individually and in vav^ious combinations (Table-5. 18) , 
5.3.1.4.1 Experimental 
The experiment was designed according to the following 
treatment scheme, details of which are listed in Table-5.IS 
1) a noninoculated untreated control <Pxo+Co+Nto), 
S) inoculated with either M. incognita (Mi > , or R. reniformis 
(Rr) or both (Mi+Rr) untreated control (Pxo+Co+Mi, Pxo+Co+Rr, 
Pxo+Co+MiRr) , 
3) noninoculated treated (amended) with leaf extracts <Px), 
4) inoculated treated with leaf extracts, 
5) noninoculated treated with oil-seed cakes (Nc/Mc), 
6) inoculated treated with oil-seed cakes, 
7) noninoculated tv^eated with leaf extracts plus oil-seed cakes 
in various combinations, and 
8) inoculated treated with leaf extracts plus oil-seed cakes in 
various combinations. 
Seedlings of black gram in pots that did not receive 
nematode inoculum, leaf extracts, or oil-seed cakes served as 
uninoculated control (1) while those receiving only nematodes, 
individually or concomitantly as inoculated control (£). 
5.3.1.5 With Oil—Cakes and Ino»~ganic Fertilizers (Expt. 5. 4. 1. 5) 
Two different dosages of three types of inorganic 
fertilisers and bwo types of oil-seed cakes were used as soil 
amendment with an objective to manage the diseases caused by 
M. incognita and R.. reni form is, whether present singly or 
concomitantly. Their mixing with soil was done individually and in 
various combinations (Table-5. £3). 
5.3.1.5 Experimental 
The experiment was designed according to the following 
treatment scheme, details listed in Table-5. £3. 
1) a noninoculated untreated control (Fo+Co+Nto), 
£> inoculated eitner with M^ incognita (Mi ), or R^ reni f orrni s (Rr) 
1£6 
or both simultaneously (MiRr), 
3) nonirioculated and treated (amended) with inorganic fertilisers 
Nitrogen (N), Phosphorus <P), Potassium (K), 
4) inoculated and treated with inorganic fertilizers, 
5) inoculated and tv^eated with oil—seed cakes Neem (Nc) or Mustard 
(Mc) cake, 
6) inoculated and treated with oil seed cakes, 
7) noninoculated and treated with inorganic fertilisers plus oil-
seed cakes in various combinations, and 
8) inoculated and treated with inorganic fertilisers plus oil 
cakes. 
Seedlings of black gram not receiving nematode 
inoculum, inorganic fertilisers and oil—seed cakes served as 
inoculated control <1), while those receiving only nematodes 
sev^ved as inoculated control (2) . 
5.3.1.6 With Chemicals and Inor'ganic Fertilizers (Expt. 5. 4. 1. 6) 
Two chemicals viz., Furadan and Nemark, and three 
inorganic fertilizers in the form of nitrogen, phosphorus and 
potassium were used individually and in various combinations, at 
two different dosages, to manage the disease incidence caused by 
M. incognita and R.. rer i form is. when present singly or 
concomitantly. 
5. 3. l.G. 1 Experimental 
The expev-iment was designed according to the following 
1£7 
treatment scheme (details listed in Table-5.£S): 
1) a noninoculated untreated control (Fo+Fuo+Nto), 
£) inoculated with M. incognita (Mi) or R.. reni form is (Rr) or both 
(MiRr) untreated control < Fo+Fuo+Rr, Fo+Fuo+Rr, Fo+Fuo+MiRr 
respectively ), 
3) noninoculated treated (amended) with chemicals (Furadan/Nemark) 
A) inoculated treated with chemicals, 
5) noninoculated treated with inorganic fertilizers (Nitrogen 
/Phosphorous/Pot ass i um) , 
6) inoculated treated with inorganic fertilizers, 
7) noninoculated treated with chemicals plus inorganic fertilizers 
in various combinations, and 
8) inoculated treated with chemicals plus inorganic fertilizers in 
various combinations (Table-5.£8). 
Controls (1) neither having any nematodes (Nto) nor 
amended with chemicals (Fuo) cr fertilizers (Fo), served as 
uninoculated untreated control, while inoculated untreated 
controls (£> had only nematodes. 
Each treatment (Experiments 5.4.1.1-5.4.1.6) was 
replicated thrice. ftfter inoculation, the pots were placed in 
greenhouse in a randomized block design- Plants were allowed to 
grow for two months and watering was done whenever required, fifter 
two months of inoculation experirrents were terminated and data on 
various parameters (mentioned in 5.8.1,4) were deterroined. The 
data obtained were statistically analysed by the method described 
1S8 
i n 5. £'. 1-5-
5.3.S Relative Response of Black gram Cultivars to Meloidogvne 
incognita and Rotvler^chulus yenifovmis <Expt- 5. 4-£) 
Twerity eight black grarn cultivars (mentioned in 
5.£.£. 1) were tested against both the nematode species 
individually for locating resistance, if any, against either of 
the nematode species. 
5.3-£ Experimental 
The experiment was performed on the basis of the 
following scheme: 
1) noninoculated control, 
S) inoculated with M. incognita, and 
3) inoculated with R. reni formis-
5.4 Experiraemtal Results 
5.4.1 Integrated Management of Meloidogyne incognita and 
Rotylenchulus reniformis 
5, 4. 1. 1 With Bio-control Fungi and Ciemicals 
5.4.1.1-1 Plant Growth 
5.4.1-1-1.1 Effect of Nematodes 
Significant (P<0-05) ri;duction in plant growth was 
noticed in all the treatments <Table-5.3) in comparison to 
inoculated control (Nto). Single species inoculation with 
Meloidogyne incognita (Mi) caused greater growth reduction 
(33-11"/.) than with Rotylenchul us> reni form is (£4.51^.). In 
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concornitarit ly inoci-tlated plants (Mi+Ri) the reduction in dry shoot 
weight was significantly higher (58. 27:^ ) than in plants inoculated 
with either of thern. Reduction in dry shoot weight after 
concomitant inoculation was higher than the sum total of 
reductions caused after single species inoculation. 
5. 4. 1-1. l.S Effect of Fungus (Table-5. 3). 
Boil application of Paeci lornyces 1 i 1 acinus and 
ftcroph ialophora fusispora at the higher dosage (Pig and ftf£, 
respectively) significantly improved the growth parameters of 
black gram, in comparison to those devoid of fungus (Bf^). 
Increasing dosages of fungus were increasingly beneficial to the 
plant growth. Higher dose of A. fusispora (fifg) improved the plant 
growth more significantly in comparison to the lower dose (Ofj^). 
Application of either of the fungus improved the plant 
growth of M. incognita or R.. renif orrnis inoculated plants 
nonsignificantly. The concomitantly (MiFr) inoculated plants 
exhibited a significant improvement in plant growth, in the 
treatments receiving higher dose of either £. lilacinus (Plg+MiRr) 
or ft. fusispora (flf2+MiRr) when compared with control (Bf^-,+MiRr) . 
5.4.1.1.1.3 Effect of Chemical (Table-5. 3) 
The general response of chemicals on overall plant 
growth was beneficial. They significantly improved the plant 
growth over control (Fu,-,) . The effect of higher dose of Furadan 
(Fug) and lowev^ dose of Nemark (Neg) was almost the same. 
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In the absence of the nematode, lower dose of Furadan 
(Nto+Fui) and both the dosages of Nernark (Nto+Nej^ and Nto+Neg) 
showed positive effects on plant growth. The growth of M. 
incognita (Mi) and concomitantly inoculated (MiRr) plants 
significantly improved in all the treatments that received 
chemicals, while that of R, reni formis (Rr) inoculated plants 
significantly improved at higher dose of Nernark (Neg), in 
comparison to respective inoculated controls (Fuo+Mi, Fuo+MiRr and 
Fuo+Rr, respectively). 
5.4-1,1.1.4 Combined Effect of Fungus and Chemical 
In the absence of the nematode, the maximum 
improvement in growth was recorded in the plants receiving only 
higher dose of Nernark (Bfo+Ne^), and minimum in the plants 
receiving only lowev- dose of ft. fusispora (flfj+Fao), in comparison 
to control (Bfo+Fuo). The effect of £. 1 i 1 acinus and ft. fusispora 
in the presence of chemicals was at par to each other. Fungus in 
combination with higher dose of Nemark significantly increased 
plant growth than when applied individually (Table-5.3). 
The treatment Nto+Bfo+Neg <Table-5,3) achieved the 
highest value while MiRr+Bfo+Fuo achieved the least, in comparison 
to untreated uninoculated control (Nto+BfofFuo) . ftl1 the 
combinations of fungus and nernat icides significantly increased the 
plant growth of M. incognita infected plants, wien compared with 
inoculated untreated control (Mi+Bfo+Fuo) , excepting the 
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treatments Mi + Pl ;^ +Fuj^ , Mi+Afi+Fu;^ and Mi+Af j^ +Nej^ . Ornong R_. 
reniforrnis inoculated plants, the treatments receiving higher 
dosage of £. 1 i lac in us plus Nemark (Plg+Ne^+Ri'") and higher dosages 
of A. fusispora plus Nemark (flfg+Neg+Rr) significantly enhanced 
the plant growth over inoculated untreated control (Bfo+Fuo+Rr). 
Among the concomitantly inoculated plants all the combinations 
significantly increased the plant growth over inoculated untreated 
control (MiRr+Bfo+Fuo). 
The treatment Af^+Neg+Nto was found to be the best 
combination that exhibited improvement in dry shoot weight over 
noninoculated untreated control (Nto+Bfo+Fuo). Among M. incognita 
inoculated plants the best combination was Pl^+Neg+Mi followed by 
Plg+Fug+Mi causing £7.46 and £6-8£ per cent improvement, 
respectively, over inoculated untreated control (Mi+Bfo+Fuo). The 
best combinations fof^ JR. renifOrmis and concomitantly inoculated 
plants were Afg+Ne^+Rr and Plg+Neg+MiRr, respectively, causing 
£0.37 and 51.60"/ improvement over inoculated untreated controls 
(Rr+Bfo+Fuo and MiRr+Bfo+Fuo, respectively). Minimum improvement 
in the growth of M. incognita, R.. reni f ormis and concomitantly 
inoculated plants was exhibited in the treatment Af^+Fu^+Mi 
:i9.37"/.), Pli+Fui+Rr (7. 55-/.) and Pli+Fu^+MiRr (38,95%), 
respectvely, over respective inoculated untreated controls 
(Table~5. 3) . 
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5.4.1.1.2 Modulation 
5.4.1.1.2-1 Effect of Nematodes 
Presence of M. incognita and R. reniforrnis, 
individually as well as concomitantly suppressed nodulation 
significantly (Table—5.4). Supression in nodulation was higher in 
M. incognita (Mi) inoculated than in R.. reniforrnis (Rr) inoculated 
plants. Suppressive effect was significantly higher in plants 
inoculated concomitantly (MiRr) than singly. In comparison to 
uninoculated untreated control (Nto+Bfo+Fuo) the suppression was 
67. 9& per cent in concomitantly, and 38.83 and 30.09 per cent in 
singly (Mi and Rr, respectively) inoculated plants. 
5.4.1.1.2.2 Effect of Fungus 
Table—5.4 revealed that the application of either P. 
1i1 acinus or A. fusispora significantly increased nodulation in 
all the treatments. Higher dosages of either of the fungus were 
significantly beneficial than lower dosages for increasing the 
nodule number. Highest value was recorded in the treatment Of2 
which was significantly higher than all the other treatments. fit 
the higher dose of £. 1 i lac in us and lower dose of 9.. f usispora, 
the values were at par to each other. In general, i=ffect of fi. 
fusispora was significantly superior to P. I i1acinus on 
nodulat ion. 
In the absence of nematode, significantly increased 
nodulation in comparison to control (Bfo+Nto), was noted in the 
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tv^eatrnent receiving lowev* dose of 0. fusispcra (Plf^+Nto), whereas, 
at higher dose of P. 111 acinus (Pl£.+Nto) the nodulation 
significantly reduced. In the presence of nematodes, effect of £. 
131acinus and ft- fusispora on nodulation were statistically at par 
to each other. On M. incognita inoculated plants higher dose ot" P. 
111 acinus and on R. r^nx forrni s inoculated plants, higher dose of 
ft. fusispora were significantly superior to their lower dosages, 
in increasing nodulation (Table-5.4). 
5.4.1.1.2.3 Effect of Chemical 
Soil application of either Furadan or Nernark 
significantly benefitted nodualtion (Table-5.4). Higher dosages of 
either of the nernaticides were significantly superior over lower 
dosages, m increasing nodule number. Highest value was recorded 
in the treatment receiving higher dose of Nemark (Ne^) that was 
significantly superior over all other treatments. The values 
obtained m the treatment Fu^ (higher dose of Furadan) and Ne^ 
(lower dose of Nemark) were, also, almost the same. In general, 
the effect of Nemark was sigruficantly more beneficial than that 
of Furadan. 
In M. incognita and R. r e m form is inoculated plants, 
though soil application of higher dose of Nemark (Ne^ .) recorded 
the highest value but it was statistically at par to the 
treatment with higher dose of Furadan (Fu^). The differences m 
the nodulation of M. incognita <\nd R_. r e m form is inoculated plants 
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in all the treatments were at par to each other at the same dose 
of the same chemical. 
5-4.1.1.2-4 Combined Effect oF Fungus and Chemical 
The effect of chemical was comparatively beneficial 
than the effect of the fungus, on nodulation. Highest value was 
recorded m the treatment at the higher dosages of fi, fusispora 
plus Nemart^ (Af^+Ne^) which was significantly superior over all 
other treatments. The lowest value was observed m the treatment 
with lower dosages of P_. 11 lac in us plus Furadan (Plj^+Fuj^). 
Increased nodulation m the combined application of fungus and 
chemical was significantly more than the individual applications 
of either of the components, except m the treatments Plj^ +Fuj^  and 
Pll+Ne£ (Table-S.4). 
Combined application of higher dose of ft. fusispora 
and higher dose of Nemark (Pf j+Ne£.+Nto) , significantly increased 
n'<dulation on uninoculated plants, over unmoculated untreated 
ci.introl (Bfo+Fuo+Nto) . In the treatments with all the three 
ciimponents combined, there was a significant additional increase 
m nodulation, in comparison to respective inoculated untreated 
controls excepting the treatment Plj^+Fuj+Rr where the value was at 
pnr to the R. r e m formis inoculated untreated control 
(Fifo+Fuo+Rr) . 
On combined application of fungus and chemical, 
maximum improvement in nodulation was recorded in treatment 
Af 1+Ne^+Nto (8. BAY-) over uninoculated untreated control 
(Bfo+Fuo+Nto). Maximum increase in M. incognita (Mi) and 
concomitantly (MiRr) inoculated plants was noticed in the 
treatments Plf^+Ne^+Mi (3£. £5"/-) and flf^+Neg+MiRr (61.6£-/.), 
respectively, whereas m R.. rem form is infected plants maximum 
increase in nodulation was observed in the treatment fif^+Ne^+Rv-
(30.56'/C) (Table-5.4). 
5.-4. 1.1.3 Nematode Multiplication (R^) 
The experimental results on nematode multiplication 
presented in Table-5.5, 5.6 indicated that the black gram cv. 
Pant U-19 was susceptible to M. incognita (Mi) and R.. r e m form is 
(Rr) as both of them multiplied several folds in untreated 
inoculated controls (Bfo+Fuo+Mi and Bfo+Fuo+Rr). On concomitant 
inoculation the multiplication of each of the nematode was 
suppressed and the Rf value significantly differed from that of 
single species inoculation . The Rf values for Mi and Rr were 
54.41 and 16.83, respectively, en single species inoculation, 
where wev-'e significantly suppressed to 17.08 and 15.89, 
respectively, on concomitant inoculation. 
5.4-1.1.3.1 Effect of Fungus 
Oil the treatments with either of the fungus were 
significantly superior over control (Bfc), in reducing the 
ne-^matode population as indicated by the avev>age R^ : values (Table-
5.5, 5.6). The para'^itic activity of P_. 11 1 acinus against M. 
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incognita was si gni f iacnt ly rnov^ e pronounced than ft. f usispora. 
However, ft. fusispora was significantly more effective to R^. 
reni formis than £. 1i lacinus. Increasing dosages of either of the 
fungus were significantly more beneficial in reducing the average 
Rf^  values of either of the nematode. 
On single species as well as concomitant inoculations, 
lowest Rf values of M. incognita were recorded in the treatments 
Plg+Mi and Plg+MiRr, respectively. The treatments fifg+Rr and 
ftfg+MiRr, however, recorded the lowest R^ value for R. reniformis 
on single species as well as concomitant inoculations, 
respectively. 
5.4-1.1.3.2 Effect of Chemical 
Soil treatment with either of the chemicals, at both 
the rates significantly suppressed the average Rf values tof M. 
incognita (Table-5.5) and R,. reniforrnis <Table-5.6), in comparison 
to control (Fuo+Nto) . Higher dosages were si gni f:.acnt ly superior 
over lower dosages. Effect of Furadan and Neiiark against M. 
incognita were similar as well as at par to each other, while 
Nemark was significantly more effective than Furadan against R.. 
reni formis. 
In single species as well as concomil ant inoculations 
lowest R^ values of M. incognita and R. reniformis were recorded 
in the treatment with higher dose of Nemark (Neg), 
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5.4.1.1.3.3 Combined Effect of Fungus and Chemical 
Various combinations of fungus and chemical 
significantly reduced the average Rf values of M. incognita 
(Table-5. 5) and R.. reniformis (Table-5. 6), in comparison to 
control <Bfo+Fuo) as well as individual applications of either of 
the components. 
In the treatments with all the three components 
combined (fungus, nematicide and nematode) there was a significant 
decline in the nematode populations when present singly or 
concomitantly, in comparison to inoculated untreated control as 
well as in the treatments with individual components at the same 
doses (Table-5. 5, 5. &) . 
Maximum reduction in the Rf values of M. incognita, 
whether present singly or concomitantly, was recorded in the 
treatments Pl-^+Ne^+Mi (88.11"/.) and Plg+Neg+MiRr (88.23'/., 
respectively, The treatme-nts ftf£.+Ne£.+Mi and Of g+Ne^+Mi Rr, recorded 
the maximum (82.35 and 8c:. 62"/-, respectively) suppression in the Rf 
value of R.. reniformis, whether inoculated singly or 
concom i t ant 1y. 
5. 4. 1. 1.4 Galls 
Root knot nenatode, M. incognita, in the absence of R.. 
reni form is, caused severe galling (341) on the roots of black gram 
cv. Pant U-19. However, cialling was significantly suppressed (233) 
in the presence of R- reniformis (MiRr) (Table-5.7). 
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5.4.1.1.4.1 Effect of Fungus 
SirnultaneouB application of fungus and M. incognita 
significantly suppressed average galling m comparison to control 
(Efo). The suppressive effect was dose dependent and statistically 
significant. The effect of P.. 111 acinus was significantly higher 
than 9.. f usispora (Table-5. 7). 
On single species as well as on concomitantly 
inoculated plants significantly lowest values were noted in the 
treabrnent with higher dose of £. 11 lacmus, while in the treatment 
with lower dose of ft. fusispora maximum value was recorded 
(Table-5.7). 
5.4. 1.1. 4. a Effect of Chemical 
Soil application of chemicals at both the dosarjes 
(Table-5. 7) signiflacntly suppressed average galling on the roots 
of black gram. Higher dosages were significantly superior to loKjer 
dosages. The differences in the values of Furadan and Nemark wt>re 
nons1gn1f1cant. 
In single species as well as in concomit.int 
inoculation, the lowest value was noticed in the treatments w th 
higher doses of Nemark (Ne^+Mi and Ne^+MiRi'", respectively). 
5.4.1.1.4.3 Combined Effect of Fungus and Chemical 
Reduction in the average root galling, in treatments 
with both the comprments combined (fungus and nematicide), was 
significantly higher than in untreated ui-nnoculated control 
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(Bfo+Fuo) as well as in the treatments with either of the 
components applied independently (Table-5.7). 
Highest reduction in gall formation was Y-^ ecorded in 
treatments Pl-.+Neg+Mi (89.73'/.) and Pl^+Neg+MiRr (83. £754) in single 
species as well as concomitant inoculations, respectively. The 
reduction was lowest in the treatments Ofj+Ne^+Mi (59.53'/-) and 
Pf^+Nei+MiRr (58. 3&%) respectively (Table-5.7). 
5-A.1.2 With Bio—control Fungi and Chopped Leaves 
5.4.1.2.1 Plant Growth 
5.4_1.2. 1.1 Effect of Nematode 
The plant growth (based on dry shoot wieght) was 
significantly suppressed in the presence of nematode in 
comparison to uninoculated untreated control (Nto) <Table-5. 8). In 
single species inoculation Meloidoqyne incognita (Mi) caused 
greater growth reduction (31. £5:^ ) than Rot y 1 ench u 1 us reni form is 
(£6.29'/.). The two nematodes together caused significantly higher 
growth reduction (60. 34?i) than the sum total caused by both of 
them separately. 
5.4.1.2.1-2 Effect of Fungus 
Soil application of PaeciIc myces 1i1acinus and 
flcroph ialophora fusispora improved the growth of plants (Table— 
5.8). In single species inoculation significant improvement in the 
growth of M. incognita inoculated plants, was recorded at the 
higher dose of £. 1i1acinus (Plp+Mi) over inoculated untreated 
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TablBiS.fi Individual and coabincd effect of bio-control fungi and chopped leaves on dry shoot might of black 
graa cv. Pant lf-19 infected with Weloidoqyne incognita and Rotylenchulus renifomis. 
Cho 
Eel iota alba 
Ea^ Eag 
Bidens bitemata 
Bb, Bbg 
Erioeron bonariensis 
Ebj Ebg 
Bfo+Nto 4.64 
BfotMi 3.19 (-31.25) 
Bfo+Rr 3.42 (-26,29) 
Bfo+«iRr 1.84 (-60.34) 
Patciloaycgi lilacinus 
Plj+Nto 4.76 ( 2.52) 
Plj+Xi 3.5* (9.88) 
Pll+Rr 3.68 ( 7.06) 
Pll+HiRr 2.67 (31.08) 
Pl2+Nto 4.60 (-0.66) 
Plg-mi 3.79 (15.83) 
Plg+Rr 3.94 (13.19) 
Plg-HliRr 3.16 (41.77) 
flcrophialophora fusispora 
flfl+Nto 4,58 (-1.29) 
flfl+«i 3.44 ( 7.26) 
flfj+Rr 3.76 ( 9.04) 
ftfl+<1iRr 2.59 (29.72) 
fifg+Nto 4.81 ( 3.53) 
flfg+Ki 3.62 (11.87) 
flfg+Rr 3.98 (14.07) 
ftfg+fliRr 3.04 (39.47) 
4.96 (+6.45) 5.16 (10.07) 
3.40 ( 6.17) 3.69 (13.55) 
164 ( 6.04) 3.97 (1185) 
2.57 (28.40) 2.98 (38.25) 
4.89 ( S l l ) 4.90 ( 6.82) 
178 (15.60) 194 (19.03) 
191 (12.53) 4.06 (15.70) 
2.94 (37.41) 131 (44.41) 
4.81 ( 153) 
191 (18,"41) 
4.10 (16.58) 
134 (44.91) 
4.84 ( 4.13) 
159 (11.14) 
198 (14.07) 
2.84 (35.21) 
4.89 { S l l ) 
178 (15.60) 
4.11 (16.78) 
121 (42.67) 
5.04 ( 7.93) 
4.14 (22.94) 
4.31 (20.64) 
181 (51.70) 
4.90 ( S30) 
181 (16.27) 
4.22 (18.95) 
136 (45.23) 
S16 (10.07) 
4.02 (20.64) 
4.39 (22.09) 
178 (51.32) 
4.54 (-2.15) 
132 ( 191) 
176 ( 9.04) 
2.41 (23.51) 
4.69 ( 1.06) 
164 (12.36) 
198 (14.07) 
2.87 (35.88) 
4.60 (-0.86) 
184 (16.92) 
4.18 (18.18) 
136 (45.23) 
4.75 ( 2.92) 
152 ( 9.37) 
184 (10.93) 
2.78 (3181) 
4.60 (-0.86) 
171 (14.01) 
4.24 (19.33) 
131 (44.41) 
4.78 (+2.92) 
145 ( 7.53) 
4.10 (16.58) 
2.81 (34.51) 
4.81 t 166) 
187 (17.57) 
4.19 (18.37) 
127 (4173) 
4.75 ( 2.31) 
196 (19.44) 
4.45 (2114) 
176 (51.06) 
4.78 ( 2.92) 
169 (1155) 
4.31 (20.64) 
122 (42.85) 
4.87 ( 4,72) 
185 (17.14) 
4.51 (24.16) 
174 (50.80) 
5.12 (+9.37) 
129 ( 103) 
181 (10.23) 
2.50 (26.40) 
4.96 ( 6.45) 
159 (11.14) 
4.06 (15.76) 
2.91 (36.76) 
4.86 ( 4.52) 
181 (16.27) 
4.24 (19.33) 
140 (45.88) 
4.89 ( 5.11) 
152 ( 9.37) 
4.02 (14.92) 
2.80 (34.28) 
5.04 ( 7.93) 
169 (1155) 
4.31 (20.64) 
136 (45.23) 
5.26 (11.78) 
141 ( 6.45) 
4.19 (18.37) 
2.89 (36.33) 
5.17 (10.25) 
174 (14.70) 
4.28 (20.09) 
119 (42.31) 
5.12 ( 9.37) 
191 (18.41) 
4.56 (25.00) 
183 (51.95) 
4.97 ( 6.63) 
164 (12.36) 
4.37 (21.73) 
121 (42.67) 
5.17 (10.25) 
176 (15.15) 
4.59 (25.49) 
171 (50.40) 
Chopped leaves= 0.273, 
(Chopped leaves x Neraatcde= 0.546, 
Fungus i Diopped leaves x Nsiatods" 1.220. 
CD. (P(0.05) NematodB= 0.206, Fungus= 0.231, 
Fungus x Mewtode= 0.461, 
Fungus x (topped leaves^ 0.610, 
Cho No Chopped leaves, Ea^  g. alba 5g/kg soil, Eag E. alba lOg/kg soil, Bbj B. biternata So/kg soil, Bbg 
B. bitemata lOg/kg soil, Ebj E. bonariensis 5g/kg soil, Ebg E. bonariensis lOg/kg soil, Bfo No Bio control 
fungus, Plj P. lilacinus la/ko soil. Pig P. lilacinus 2o/ko soil, flfi fi. fusispora So/kg soil, flfg ft. 
fusispora lOg/kg soil, Nto No ne«tode, Hi R. incognita. Rr R, reniforsis. 
Per cent increase/decrease (-) over respective control is indicated in parentheses. 
control (Pfo+Mi). While iri concorni bant ly inoculated plants, higher 
doses of both the fungi significantly increased the plant growth 
over concomitantly inoculated untreated control (Bfo+MiRr). 
5. 4.1-S. 1.3 Effect of Chopped Leaves 
The experimental results on green manuring (Table-5.8) 
indicated that at the higher doses (lOg/pot) chopped leaves of 
Eel 1 pta al ba, Bidens biternata and E n qeron bonariensis improved 
plant grovjth significantly over uninoculated untreated control 
(Cho+Nto). However, chopped leaves of E. bonariensis, when applied 
at higher dose (lOg/pot), significantly enhanced the growth of R. 
rorix form IS inoculated plants over inoculated and untreated control 
(Cho+Rr). In concomitant inoculation, receiving higher dosages of 
the chopped leaves of all the three plant species, the plant 
growth significantly improved over concomitantly inoculated 
untreated control <Cho+MiRr). 
5.4.1.2.1. A Combined Effect of Fungus and Chopped Leaves 
In most of the treatments in which fungus and green 
manuring was combined, significant improvement in plant growth 
over uninoculated untreated control was recorded. Exceptions were 
encoufitered where lower dosages of fungi were combined with lower 
dosages of chopped leaves (Table-5.e). 
In the treatments with all the three components 
(fungus, chopped leaves and nematodes) combined, there was an 
additional increase an plant growth. In concomitant inoculation, 
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the plant growth in most of the treatments was significantly 
improved over concomitantly inoculated untreated control 
(Bfo+Cho+Mi Rv-^ ) . Increased plant growth, in combined application 
was non significant as compared to individual application. 
In combined application, maximum improvement in the 
growth of uninoculated plants (10. £5"/.) was recorded at the lower 
dose of £i_ 1 i lac in us or higher dose of Q^ f usispora combined 
with higher dose of E^ bonariensis chopped leaves <P1 j^+Bbg+Nto or 
flfg+Bbg+Nto) ; the improvement, however, was minimum (£.31"/.) at 
higher dosages of P^ 1ilacinus plus B^ biternata leaves 
(Plg+Bbg+Nto), as compared to uninoculated untreated control 
(Bfo+Cho+Nto) . , Improvement in the growth of Mi_ incognita infested 
plants was maximum (££.94%) at higher dosages of P^ 1ilacinus plus 
E_^  alba leaves (Pl^Eag+Mi) and minimum (9.37%) at lower dose of 0. 
fusispora combined with lower dose of either Bj^ biternata or E. 
bonariensis leaves, over untreated inoculated control. Combined 
application of higher dosages of Oj^ fusispora and E^ bonariensis 
chopped leaves caused maximum (£Si. 4-9%) improvement in the growth 
of R^ reni formis inoculated plants, and minimum (12.53%) at lower 
dosages of £i_ 1 i lacinus plus E^, alba. over R^ reni form is 
inoculated untreated control. 
On concomitant inoculation, maximum enhancement 
(51.95%) in the plant growth was recorded at higher dosages of P. 
1 i lacinus and E^, bonariensis corr^bined, and minimum (33.31%) in 
the treatment with lower dosages of Qj^ fusispora and B^ biternata 
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combined, with respect to concern it ant ly inoculated control. 
5. A. I.E. 2 Nodulation 
5.4.1.2.2.1 Effect of Nematodes 
Significantly suppressed nodulation was recorded in 
the presence of nematodes as compared to uninoculated control 
(Nto). Reduction in nodulation was significantly higher due to M. 
incognita (ALSy/i) than due to R^ reniformis (3S.58">4) 5 the two 
together caused still greater reduction (76. 40:Ji) in nodulation 
(Table-5.9). 
5.4.1.2.2.2 Effect of Fungus 
Soil application of either of the fungi at both the 
dosages significantly increased the nodulation (Table—5.9). 
Inreasing doses were increasingly beneficial. In M^ incognita (Mi) 
inoculated as well as R^ ^ reniformis inoculated plants, the; values 
recorded in the treatments with higher dosages of either of the 
fungi (Pl|=.-i-Rr and Ofg+Rr) differed significantly from rcjspect ive 
inoculated untreated controls. In concomitantly inoculated 
plants, the difference between the values of the treatment 
Pl^+MiRr (lower dose of P^ 1ilacinus) and the treatment Bfo+MiRr 
(concomitantly inoculated control) was non significant. 
5. 4. 1. 2. 2. 3 Effect of Chopped Leaves 
Soil amendment with chopped leaves of Eeli pi a alba, 
Bidens bi tev^nata and Er i geron bonariens is was significantly 
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Table:5.9 Individual and coaiiined effect of bio-control fungi and chopped leaves on nodulation of black graa 
cv. Pant U- 19 infected Mith Weloidocyne incognita and Rotvlenchulus renifomit. 
Cho 
Eclipta alba 
Eaj Eag 
Bidens bitemata 
Bbj Bbg 
Eriaeron bonariensis 
Ebj Ebg 
Bfo+Nto 
Bfo+Mi 
Bfo+Rr 
Bfo+MiRr 
89 
52 
60 
21 
Paeciloavces 
Plj+Nto 
Pll+Hi 
Pll+Rr 
Pll+«iRr 
Pl2+Nto 
Pl2-«i 
Plg+Rr 
Pl2+«iRr 
85 
60 
(A 
33 
82 
66 
71 
44 
(-41.57) 
(-32.58) 
(-76.40) 
lilacinus 
(-4.49) 
(13.33) 
( 6.25) 
(36.36) 
(-7.87) 
(21.21) 
(15.49) 
(52.27) 
ftcroDhialophora fusispora 
flfj+Nto 
flfj+Mi 
flfj+Rr 
flfl+KiRr 
flfg+Nto 
flfg+Mi 
flfg+Rr 
flfg+MiRr 
93 
57 
64 
35 
87 
62 
71 
52 
( 4.30) 
( 8.77) 
( 6.25) 
(40.00) 
(-2.25) 
(16.13) 
(15.49) 
(50.00) 
96 
55 
64 
29 
% 
62 
69 
33 
92 
68 
74 
47 
( 9.18) 
( 5.42) 
t 6.25) 
(27.59) 
( 7.29) 
(16.13) 
(13.04) 
(36.36) 
( 3.26) 
(23.53) 
(18.92) 
(55,32) 
% ( 7.29) 
59 «1.86) 
68 
38 
(11.76) 
(44.74) 
96 ( 7.29) 
65 
73 
44 
(20.00) 
(17.81) 
(52.27) 
108 
60 
70 
34 
104 
64 
72 
38 
105 
72 
79 
54 
103 
63 
72 
45 
101 
69 
78 
52 
(17.59) 
(13.33) 
(14.29) 
(38.24) 
(14.42) 
(18,75) 
(16.67) 
(44.74) 
(15.24) 
(27.78) 
(24.05) 
(61.11) 
(13.59) 
(17.46) 
(16.67) 
(53.33) 
(11.88) 
(24.64) 
(23.06) 
(59.62) 
93 
54 
66 
27 
% 
59 
70 
32 
94 
68 
75 
48 
97 
58 
65 
38 
93 
63 
76 
46 
( 4.30) 
( 3.70) 
( 9.09) 
(22.22) 
( 7.29) 
(11.86) 
(14.29) 
(34.38) 
( 5.32) 
(23.53) 
(20.00) 
(56.25) 
( 8.25) 
(10.34) 
( 7.69) 
(44.74) 
(4 .30) 
(17.46) 
(21.05) 
(54.35) 
100 1 
57 1 
72 1 
32 > 
101 
64 
74 
37 
99 
70 
80 
54 
101 
61 
73 
44 
98 
66 
81 
52 
111.00) 
1 8.77) 
116.67) 
134.38) 
(11.88) 
(18.75) 
(18.92) 
(43.24) 
(10.10) 
(25.71) 
(25.00) 
(61.11) 
(11.88) 
(14.75) 
(17.81) 
(52.27) 
( 9.18) 
(21.21) 
(25.93) 
(59.62) 
104 
54 
67 
29 
101 
59 
71 
34 
98 
66 
76 
47 
99 
58 
68 
39 
97 
63 
77 
(14.42) 
( 3.70) 
(10.45) 
(27.59) 
(11.28) 
(11.66) 
(15.49) 
(38.24) 
( 9.18) 
(21.21) 
(21.05) 
(55.32) 
(10.10) 
(10.34) 
(11.76) 
(46.15) 
( 6.35) 
(17.46) 
(22.08) 
47 (55.32) 
110 
56 
(19.09) 
( 7.14) 
74 (16.92) 
32 
108 
61 
76 
35 
105 
68 
82 
52 
104 
60 
74 
45 
101 
65 
(34.38) 
(17.59) 
(14.75) 
(21.05) 
(40.00) 
(15.24) 
(23.53) 
(26.63) 
(59.62) 
(14.42) 
(13.33) 
(18.92) 
(53.33) 
(11.68) 
(20.00) 
82 (26.83) 
53 (60.38) 
CD. (P{0.05) Nenutode» 2.546, Fur^ U5= 2.646, Chopped leaves^ 3.368, 
Fungus x Nenatode* 5.692, Chopped leaves x Nematode" 6.735, 
Fungus x Chopped leaves^ 7.530, Fungus x Chopped leaves x Neinatode= 15.061. 
Cho No Chopped leaves, Eaj E. alba 5g/kg soi l , Ea^  E. alba lOg/kg soi l , Bb^  B. bitemata Sg/kg soi l , Bbg 
B. bitemata lOg/kj soil , Ebj E. bonariensis 5o/ko soi l , Ebg E. bonariensis lOg/kg soi l , Bfo No Bioconlrol 
fungus, Pli P. lilacinus lo/ko soi l , Plj P. lilacinus 2Q/kq soi l , flfj fl. fusispora Sg/kg soi l , fifg fi. 
fusispora lOg/kg soi l , Nto No newtode, Ki M. incognita, Rr R. reniforais. 
Per cent increase/decrease (-1 over respective control i s indicated in parentheses. 
beneficial for nodulat ion, over control, in all the treatments. In 
R. reni formis <Rr) as well as concomitantly inoculated plants, 
higher dosages (lOg/pot) of chopped leaves of all the three plant 
species improved the nodulation, significantly (Table-5. "S) . 
5-A>l.£. 2.4 Combined Effect of Fungus and Chopped Leaves 
Various combinations of fungus and chopped leaves 
significantly increased the nodulation over control (Table-5. S). 
Increase in nodulation at higher dosages of cho-pped leaves of any 
of the three plants and higher dose of P_^ 1 i 1 acinus combined, was 
significantly more than the individual application of either of 
the components. In general, integration of both the components 
caused an additional increase in the number of nodules per plant. 
ft significant improvement in nodulation was recorded 
on Mi_ incognita inoculated plants at higher dose of P_^ 1 i 1 acinus 
(Pig) combined with chopped leaves of either of the three plants, 
except at higher dose of Pj^ 1 i lac in us combined with Icwer dose 
(5g/pot) of E^ bonariens is leaves. In presence of fl^ fusispora 
plus leaves of either of the three plants, nodulation increased 
significantly on M^ incognita inoculated plant at higher dosages 
of ft^ fusispora and E^ alba leaves combined, in comparison to 
untreated M. incognita inoculated control. In R^ reniformis 
infested plants significantly increased nodulation in relation to 
R,. reni form is inoculated untreated control was recorded in most 
of the combinations. 
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Most of the treatments with both the components 
combined significantly mci^eased the nodulation of concomitantly 
inoculated plants, m compai^ison to inoculated untreated control. 
In combined application, increase in nodulation of 
unmoculated plants ranged between 17.59 (PI j+Eb^+Nto) and 3. 26vi 
< PI j^+Eaj+Nto) . In h^ incoqn11a inoculated plants, maximum 
improvement was recorded in the treatment Pl^+Eag+Mi (c.'7. 7S"/.) , and 
minimum <10.34"/.) in the treatments fif;^+Bbi+Mi and ftfj^+Eb^+Mi, m 
comparison to hl^  incognita inoculated untreated control. Maximum 
(£6.83°/-) improvement in nodulation on Rj^ r e m f ormis infested plant 
was achieved m the treatments, Pl;.+Eb=.+Rr and ftf3+Eb=.+Rr, and 
minimum (7. 69/^ ) in flfj+Bbj+Rr. Maximum improvement m nodulation 
of concomitantly inoculated plants was recorded m the treatments 
Pl^l+Ea^+MiRr and Pl£.+Bb£.+MiRr (61. ll*/) whereas, in the treatment 
PI j^+Ea^+MiRr the improvement was minimum (36.36'/.). 
5.A-1.2.3 Nematode Multiplication 
The experimental results presented in the Table-5.10 
and 5. 11 indicated that black gram cv. Pant 11-19 is a good host 
for both the nematode species as they multiplied several folds. On 
concomitant inoculation, multiplication of both the nematode 
species was si gni f ica--it ly reduced, m comparison to single species 
inoculation. On single species inoculation, the Rf values of M. 
incognita and R_i_ rem form is were £0.14 and 17.11, respectively 
that further suppressed to 14.96 and 12.89, respectively, on 
concomitant inoculat i<.>r\. 
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TablesS.10 Individual and coabined efftct of bio-control fungi and chopped leaves on Bultiplication of (Rf) 
Heloidonvna incoonita infecting black graa cv.Pant li-19 in the presence or absence of 
Rotylenchulus renifomis. 
Eclipta alba Bidens bitemata Eriqeron bonariensis 
Ct\o Ea, Eag 8b, Bbg Eb, Ebo 
Bfo+Mi 
Bfo+Hiftr 
20.14 
14.% 
Paecilonvces lilacinus 
Pll+«i 
Pll+«iRr 
Pi2-mi 
Plg-miRr 
11.69(40.%) 
9.40(37.16) 
8.78(56.40) 
6.62(55.74) 
14.79(26.56) 
10.89(27.20) 
8,47(57.94) 
6.29(57.95) 
7.69(61.81) 
5.71(61.83) 
Acrophialoohora fusispora 
Ofl+«i 
flfl-miRr 
flfg+tii 
flfg-miRr 
12.67(37.06) 
9.49(36.56) 
9.21(54.27) 
6.% (53.47) 
9.28(53.92) 
6.87(54.07) 
8.36(58.49) 
6.11(59.15) 
C. D. (P <0. OS) Neaatode^ O. 070, 
10.11(49.80) 
7.58(49.33) 
7.21(64.20) 
5.49(63.30) 
5,31(73.63) 
4.11(72.52) 
8.14(59.58) 
6,11(59.15) 
6.% (65.44) 
5.19(65.30) 
15.74(21.84) 
11.83(20.92) 
9.32(53.72) 
6.94(63.60) 
8.27(58.93) 
6.31(57.82) 
9.96(50.54) 
7.49(49.93) 
8.91(55.95) 
6.76(54.81) 
Fungus=> 0. t2< 
10.54(47.66) 
7.76(48.12) 
7.54(62.56) 
5.71(61.83) 
5.87(70.85) 
4.49(69.98) 
9.16(54.51) 
6.82(54.41) 
7.63(62.11) 
5.71(61.83) 
1. 
16.58(17.67) 
12.43(16.91) 
10.11(49.80) 
7.69(49.19) 
8.91(55.75) 
6.76(54.81) 
10.49(47.91) 
7.87(47.39) 
9.79(51.39) 
7.24(51.60) 
Oopped 
11.66(41.11) 
8.69(41.91) 
8.32(58.68) 
6.39(57.28) 
6.54(67.52) 
4.76(68.18) 
9.84(51.14) 
7.18(51.77) 
6.93(65.59) 
5.11(65.84) 
IsavM" 0,147, 
Fungus x Nematode" 0.175, 
Fungus x Chopped leaves^ 0.328, 
Chopped leaves x NeMtode" 0.207, 
Fungus x Chopped leaves x Neutode= 0.464. 
Cho No Chopped leaves, Ea^  E. alba 5g/kg soi l , Eag E. alba lOg/kg soi l , Bbj B. bitemata 5g/kg soi l , Bbg 
| . bitemata lOg/kg soi l , Eb^  | . bonariensis 5g/kg so i l , Ebg E. bonariensis lOg/kg soi l , Bfo Mo Biocontrol 
fungus, Plj P. li lacinus Ig/kg so i l , Pig P. lilacirws 2g/kg so i l , M^ ft. fusispora 5g/kg so i l , flfg ft. 
fusispora lOg/kj soi l . Mi M. incognita. Rr R. rcnifonis . 
Per cent decrease over respective inoculated control is indicated in parentheses. 
TableiS. 11 Individual and OMbined effect of bio-control fungi and chopped leaves on •ultiplication (Rf) of 
Rotylenchulus renifofis infecting black gra« cv. Pant U-19 in the presence or absence of 
Heloidoflvne incognita. 
Cho 
E d iota alba 
Ea, Eag 
Bidens bitemata 
Bbj Bbg 
Eriaeron bonariensis 
Ebj Ebg 
Bfo+Rr 17.11 
Bfo+HiRr 12.89 
Paecilowyces lilacinui. 
Pll+Rr 12.10(29.28) 
Pll+XiRr 9.21(28.54) 
1112(23.31) 
9.86(23.50) 
9.88(42.25) 
7.52(«.66) 
8.89(48.04) 
6.74(47.71) 
6.%(59.32) 
5.37(58.33) 
12.49(27.00) 
9.52(26.14) 
9.32(45.52) 
7.19(44.22) 
8.25(51.78) 
5.34(50.81) 
6.29(63.23) 
4.81(62.68) 
13.14(23.20) 
10.09(21.72) 
9.65(43.60) 
7.39(42.66) 
9.32(45.52) 
6.84(46.93) 
6.74(60.60) 
4.%(61.52) 
Plg+Rr 9.74(43.07) 7.74(54.75) 5.29(69.08) 
Plg+KiRr 7.39(42.65) 5.78(55.15) 3.84(70.20) 
flcrophialophora fusispora 
flfj+fir 11.46(33.02) 9.74(43.07) 6.58(61.54) 
Afi-H(iRr 8.89(31.03) 7.45(42.20) 4.%(61.52) 
6.69(60.90) 4.81(71.88) 
5.2U59.58) 3.69(71.37) 
8.87(45.15) 
6.68(48.17) 
5.94(65.28) 
4.39(65.94) 
6.12(64.23) 
4.50(65.08) 
9.05(47.11) 
6.84(46.93) 
4.18(75.56) 
3.22(75.01) 
5.78(66.21) 
4.21(67.33) 
flfg+Rr 
flf2-H(iRr 
9.42(44.99) 
7.18(44.29) 
6.69(60.90) 
4.97(61.44) 
4.83(71.77) 
3,72(71.14) 
C. D. (P (0.05) Nematode- 0.094, 
Fungus x Nenutode^  0.210, 
Fungus x Chopped Ieaves= 0.394, 
6.22(63.54) 
4.71(63.46) 
4.72(72.41) 
3.51(72.76) 
5.84(65.86) 
4.46(65.39) 
4.20(75.45) 
3.22(75.01) 
Fungu&= 0.149, Chopped leave*" 0.176, 
Chopped leaves x Netnatode= 0.249, 
Fungus x Chopped leaves x Neaatode= 0.557. 
Cho No Chopped leaves, Eaj £, jlbi 5g/kg soil, Eag £. j i i j lOg/kg wi l , Bbj g. {litemata Sg/ka toil, Bbg 
!• bitemata lOg/kg soil, Ebj E. bonanetmis Sq/kq «OJ1, Ebg £. bonariensis lOg/kg soil, Bfo No Biocontrol 
fungus, Plj p. lilacinus lo/)io soil. PI2 P. lilacinus 2q/l(q soil, flfj ft. fusispora 5a/ko soil, flf2 ft. 
fusispora lOg/kg soil, Wi M. incognita. Rr R. remfomis. 
Per centage decrease over respective inoctilated control is indicated in parentheses. 
5. A. 1.2. 3.1 Effect of Fungus 
Soil application of Pj^ I i 1 acinus and Qi_ f usispora was 
found to be beneficial, as they significantly reduced the 
multiplication of both the nematodes as is evident from the 
average Rf values (Table-5.10 and 5.11). The effects were nematode 
and dose dependent. Effectiveness of Pj^ 1 i 1 acinus as a biocontrol 
agent was significantly superior to ft^, fusispora against M. 
incognita and the reverse was true for R^ reniformis. In single 
species and concomitant inoculation the lowest average R^ values 
of M^ incognita and R^ ^ reniformis were recorded in the treatments 
with the higher dosages of P.. 1 i lacinus sirtd ft. f usispora, 
respect ively. 
5.4. 1.2. 3. £ Effect of Chopped Leaves 
Incorporation of chopped leaves of E^ alba, B. 
biternata and E^ bonariensis showed nematode toxicity against both 
the nematodes to varying degrees. The nematotoxic effect was dose 
and plant species dependent. Higher^ dosages were significantly 
mare effective than lower dosages. Significartly reduced 
Rf values of both the nematode species were achieved in all the 
treatments, in comparison to inoculated untreated control <Table— 
5. 10 and 5. 11). E^ alba in comparison to other plant species was 
found to be more toxic against both the nematodes, and its higher 
dose (lOg/pot) exihibited lowest value in comparison to other 
treatments, followed by B^ bi ternata and Ej^ bonariensis. 
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S-A. 1.2.3.3 Combined Effect of Fungus and Chopped Leaves 
The results on the integration of fungus and chopped 
leaves for the control of M. incognita or R. reniforrnis, when 
present singly or concomitantly on black gram indicated that 
various combinations of chopped leaves and fungus treatments 
reduced the R^ values of both the nematodes, significantly, over 
the respective inoculated untreated controls (Table~5.10 and 
5.11). Decline in Rf value of both the nematodes, when present 
singly or concomitantly was significantly more in combined 
applications than in individual applications of either of the 
components. 
Towards s.ri integrated approach, maximum 
reduction in the multiplication (Rf) of M^ incognita, on single 
species (73.63%) as well as on concomitant inoculation (7£.5£:X), 
was achieved in the treatment with higher dosages of Pj^ 1 i 1 acinus 
and Eji;_ al ba. chopped leaves combined. fit higher dose of P. 
1i1acinus combined with higher dose of E^ bonariensis leaves, 
reduction in Rf value of R^ reniforrnis, on single species (75.565i) 
and concomitf.nt inoculation (75.01%) was maximum in comparison to 
inoculated i.,ntreated control. The lower dosages of Qi_ fusispora 
^^'^ ^JL. bonariensis combined caused minimum decline in the 
multiplication of M^ incognita on single species (47.91%) as well 
as concomite.nt inoculations (47.33%). On the other hand, the 
treatment lower dosages of P. 1i1acinus and E. alba combined 
caused minimum reduction in the population of Ri_ reniforrnis on 
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single species and concomitant inoculation (41.66'/>). 
5. A. 1.2.4 Galls 
Roots of blackgv^arn inoculated with M^ , incognita were 
heavily galled. Galling was significantly higher m the absence of 
R. r e m form is (£'85) than m its presence (171) (Table-5. 12). 
5.4.1.2.4.1 Effect of Fungus 
In the presence of biocontrol fungi (P^. 111 acinus and 
ft- fusispora. galling was significantly suppressed, m comparison 
to those where fungus was not applied at all (Bfo). The 
suppressive effect of the fungus was dose dependent. In general, 
P. 111 acinus was superior to 9i_ fusispora as a biocontrol agent 
(Table-5. 12) . 
5.4.1.2.4.2 Effect of Chopped Leaves 
Plants grown in pots treated with chopped leaves of 
any of the three plant species significantly reduced the number of 
galls than those grown in untr^eated inoculated pots (Che). 
Decimation in gall number was dose and plant species dependent 
(Table-5. IcI) . The galling on plants m soil amended with higher 
dose (lOg/pot) of Ej^ al ba chopped leaves was significantly lov^er 
and wa<s significantly superior over all the other treatments. 
5.4.1.2.4.3 Combined Effect of Fungus and Chopped Leaves 
In treatments with fungus and chopped leaves combined, 
reduction in galling, m comparison to control and individual 
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TablesS. 12 Individual and coabined effect of bio-control funqi and chopped leaves on gall fontation of black 
grai cv. Pant U-19 infected Mith Weloidoqyne incoonita in the presence or absence of Rotvlcnchulus 
Bfo+Hi 
Bfo+«iRr 
renifonis. 
Cho 
285 
171 
PaeciloMVces lilacinus 
Pll+«i 
Pll+l(iRr 
Pl2+»li 
Pl2+«iRr 
160(43.85) 
%(«.85) 
113(58.24) 
71(58.47) 
Eclipta 
Ea, 
205(28.42) 
124(27.48) 
126(55.78) 
76(55.55) 
105(63.15) 
63(63.15) 
Acrophialophora fusispora 
flfl+Hi 
flfl+«iRr 
flfg-mi 
flf2+«iRr 
169(40.70) 
104(34.18) 
126(55.78) 
75(56.14) 
138(51.57) 
82(52.04) 
118(58.59) 
70(59.06) 
alba 
Ea2 
139(51.22) 
84(50.87) 
98(66.31) 
58(66.08) 
74(74.03) 
43(74.85) 
117(58.94) 
71(58,47) 
102(64.21) 
63(63.15) 
• 
Widens bitemata 
Bbj 
218(23.50) 
130(23.97) 
139(51.22) 
82(52.04) 
115(59.29) 
67(60.81) 
145(49.12) 
86(49.70) 
131(54.03) 
77(54.97) 
Bbg 
146(48.77) 
89(47.95) 
103(63.85) 
61(64.32) 
82(71.22) 
48(71.92) 
125(55.78) 
75(56.14) 
112(60.70) 
68(60.23) 
Erjperon bonariensis 
Ebi 
235(17.19) 
139(18.71) 
145(49.12) 
85(49.70) 
124(59.49) 
74(K.72) 
151(47.01) 
89(47.95) 
142(50.17) 
84(50.87) 
Ebg . 
163(42.80) 
98(42.59) 
115(59.54) 
71(58.47) 
91(58.07) 
52(59.59) 
134(52.98) 
81(52.63) 
%(5&.31) 
57(56.55) 
CD. (P(0.05) Ne(utode= 1.358, 
Fungus x NeMtode^ 3.037, 
Fungus x Chopped leaves= 5,682, 
Fungus= 2.147, Chopped leave«s 2.541, 
Chopped leaves x Nematode* 3.593, 
Fungus t Chopped leaves x Neaatode= 8.035. 
Cho No Chopped leaves, Eaj E. alba 5g/kg soi l , Ea2 E. alba lOg/kg soi l , Bbj B. biteranata 5g/kg soi l , Bb2 
B. biteranata lOg/kq soi l , Ebj E, bonariercis Sa/kg soi l , Ebg E. bonariensis lOg/kg soi l , Bfo No Biocontrol 
fungus, Plj P. lilacinus Ig/kg soi l , PI2 P. lilacinus 2q/ko soi l , flfj fi. fusispora So/kg soi l , flf2 0. 
fusispora lOg/kg soi l , Wi «. incognita, ftr R. remfonus. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
a p p l i c a t i o n o f e i t h e r of t h e c o m p o n e n t s , was s i g n i f i c a n t , ftl1 t h e 
c o m b i n a t i o n s of f u n g u s a n d c h o p p e d l e a v e s , s i g n i f i c a n t l y r e d u c e d 
t h e n u m b e r o f g a l l s i n s i n g l e s p e c i e s a s w e l l a s c o n c o m i t a n t 
i n o c u l a t i o n s o v e r u n t r e a t e d i n o c u l a t e d c o n t r o l and i n d i v i d u a l 
a p p l i c a t i o n o f e i t h e r of t h e c o m p o n e n t s ( T a b l e - 5 - 1£) . 
I n combined a p p l i c a t i o n , s i g n i f i c a n t l y l e s s n u m b e r o f 
g a l l s i n s i n g l e s p e c i e s ( 7 4 . 0 3 " / ) and c o n c o m i t a n t ( 7 4 . 8 5 % ) 
i n o c u l a t i o n was r e c o r d e d iKi t h e t r e a t m e n t w i t h h i g h e r d o s e o f 
£ . 1 i l a c i n u s c o m b i n e d w i t h h i g h e r d o s e o f E. a l b a , r e s p e c t i v e l y , 
i n r e 1 a t i on t o c o n t r o 1 . 
5 . 4 - 1 . 3 With B i o - c o n t r o l F u n g i and L e a f E x t r a c t s 
5 . 4 . 1 . 3 . 1 P l a n t growth 
5 - 4 - 1 . 3 . 1 . 1 E f f e c t o f Nematode 
S i g n i f i c a n t l y ( P ( 0 . 0 5 ) r e d u c e d p l a n t g r o w t h was 
r ecov-ded i n a l l t h e t r e a t m e n t s ( T a b l e - 5 . 13) , i n c o m p a r i s o n t o 
u n i n o c u l a t e d c o n t r o l (Nto) . Or s i n g l e s p e c i e s i n o c u l a t i o n , g r - e a t e r 
g r o w t h r e d u c t i o n <30. 13%) was n o t i c e d i n M e l o i d o q y n e i n c o g n i t a 
(Mi) i n o c u l a t e d t h a n i n Rot.v l e n c h u l u s r e n i f o r m i s (Rr) i n f e s t e d 
p l a n t s ( £ 5 . 1£"/-). In c o n c o m i t a n t l y i n o c u l a t e d p l a n t s r e d u c t i o n was 
s i g n i f i c a n t l y h i g h e r ( 5 8 . 6 9 " / ) t h a n i n e i t h e r o f t h e n e m a t o d e 
i n o c u l a t e d p l a n t s . R e d u c t i o n i n d r y s h o o t w e i g h t o f c o n c o m i t a n t l y 
i n o c u l a t e d p l a n t s was more t h a n t h e sum t o t a l o f r e d u c t i o n c a u s e d 
by b o t h t h e s p e c i e s a l o n e . 
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TablBiS. 13 Individual and coabinid iffict of bio-control fungi and leaf extracts on dry shoot might of 
graa cv. Pant U-19 infected with WeloidocYne incoimita and Rotyjenchulus reniforais. 
black 
Pxo 
Helianthus annuus 
Ha^ Hag 
Taqetes erecta 
Tei Teg 
Zinnia eleqans 
Zej Zeg 
Bfo+Nto A. 14 
Bfo+Mi 2.89 (-30.19) 
Bfo+Rr 3.10 (-25.12) 
Bfo+«iRr 1.71 (-56.69) 
PaeciloBvces lilacinus 
Pll+Nto A.22 ( 1.90) 
Pll+«i 3.20 ( 9.69) 
Pll+Rr 3.31 ( 6.3A) 
Pll+«ii?r 2,47 (30.77) 
Pl2+Nto 4.10 (-0.97) 
Pl2+t(i 3.41 (15.25) 
Pl2+Rr 3.52 (17.90) 
Pl2+«iRr 2.87 (40.42) 
flcrophialophora fusispora 
fifl+Nto 4.07 (-1.69) 
4.34 (+4.60) 4.46 (+7.17) 
3.10 (6 .77 ) 3.3^ (1147) 
3.19 ( 2.82) 130 ( 6.06) 
2.23 (23.32) 2.41 (29.05) 
4.31 ( 194) 4.46 ( 7.17) 
140 (15.00) 152 (17.90) 
134 ( 7.19) 149 (11.17) 
2.62 (34.73) 2.92 (41.44) 
flfj+Mi 
fif^+Rr 
111 ( 7.07) 
138 ( 8.28) 
fifl+MiRr 2.39 (28.45) 
4.27 ( 1C«) 
150 (17.42) 
164 (14.&«) 
2.94 (41.84) 
4.19 ( 1.19) 
125 (11.06) 
149 (11.17) 
2.71 (36,90) 
4.40 ( 5.91) 
162 (20.17) 
176 (17.55) 
124 (47.22) 
4.38 ( S4fl) 
140 (15.00) 
164 (14.84) 
2.89 (40.83) 
4.19 (+1.19) 
120 ( 9.69) 
138 ( 8.28) 
2.41 (29.05) 
4.22 ( 1.90) 
158 (19.27) 
161 (14.13) 
2.94 (41.64) 
4.19 ( 1.19) 
164 (20.60) 
181 (18.64) 
3.30 (48.18) 
4.03 (-4.55) 
3.54 (18.36) 
164 (14.84) 
3.08 (44.48) 
4.31 (+194) 
145 (16.23) 
159 (1165) 
118 (46.23) 
4.34 ( 4.61) 
169 (21.68) 
178 (17.99) 
126 (47.55) 
4.28 ( 127) 
177 (2134) 
197 (21.91) 
154 (51.69) 
4.19 ( 1.19) 
162 (20.17) 
181 (16.64) 
126 (47.55) 
4.10 (-0.97) 
114 ( 7.96) 
129 ( 5.76) 
2.33 (26.61) 
4.05 (-2.17) 
131 (12.69) 
152 (11.93) 
2.72 (37.13) 
4.10 (-0.97) 
142 (15.50) 
169 (15.99) 
2.94 (41.84) 
198 (-186) 
135 (1173) 
161 (14.13) 
2.69 (40.83) 
195 (-4.35) 
126 (11.35) 
149 (11.17) 
104 (4175) 
4.05 (-2.17) 
148 (16.95) 
169 (15.99) 
108 (44.48) 
4.05 (-2.17) 
154 (16.36) 
182 (16.85) 
118 (46.23) 
1 % (-4.35) 
142 (15.50) 
173 (16.89) 
2.98 (42.62) 
flfg+Nto 4.29 ( 150) 
flf2+«i 129 (12.16) 
ftfg+Rr 157 (1117) 
fif2+*(iRr 2.75 (38.04) 
4.36 ( SOS) 
138 (14.50) 
171 (16.44) 
2.98 (42.62) 
4.52 ( a.41) 
151 (17.66) 
183 (19.06) 
119 (46.39) 
4.31 ( 194) 
164 (20.60) 
187 (19.90) 
130 (48.18) 
4.31 ( 194) 
175 (22.93) 
4.04 (2127) 
162 (52.76) 
4.29 ( 150) 
140 (15.00) 
176 (17.55) 
104 (4175) 
4.21 ( 1.66) 
149 (17.19) 
194 (21.32) 
130 (46.16) 
CD. (P(0.05) Ne«atode= 0.196, Fungus= 0.222, Leaf extract= 0.262, 
Fungus x Nenatode° 0.444, Leaf extract x Nenatode^  0.525, 
Fungus x Leaf extract=0.586, Fungus x Leaf extract x Neiatode= 1.173. 
Pxo No Leaf extract, Haj H. annus 5il/kq soil. Hag H. annus lOnl/kg soil, Tej T. erecta Soil/kg soil, Teg 
T. erect* lOnl/kg soil, Zej J. eliqaw 5«l/ko soil, Zeg J. »leg ana lOnl/kg soil, Bfo No Bio control fungus, 
Pll £• lilacinus Ig/kg soil, Pig P. lilacinus 2q/lm soil, fifj A. fusispora 5q/kn soil, flfg Q. fusispora 
lOg/kg soil, Nto No newtode, Ki K incognita, Rr R. remfofis. 
Per cent increase/decrease (-) over respective control is indicated in parentheses. 
5.4.1.3.1.2 Effect of Fungus 
Incorporation of Paec i 1 ornyces 1 i 1 acinus and 
Picroph i a 1 ophora f usispora into the soil was beneficial for the 
growth of black gram cv. Pant U-19. Significantly improved plant 
growth was recoY^ded in the treatments having higher dosages of 
either of the fungus (Pig. and fif£)i in comparison to those where 
fungus application was withheld (Bfo) (Table-5. 13) . 
The difference between the values of fungal treated 
and non treated plants in the absence of nematode was significant. 
There was a nonsignificant enhancement in the growth of M. 
incognita and R. reni formis infested plants, in comparison to 
inoculated untreated control (Bfo+Mi or Bfo+Rr) . Significantly 
improved plant growth on concomitant inoculation <MiRr) was 
observed in the treatments with higher doses of either £. 
1 i lacinus (Pl^+Mi R^ ") '-'f" 0.- f usispora (Ofg.+ MiRr), in comparison to 
inoculated untreated control (Bfo+MiRr). 
5.4.1.3.1.3 Effect of Leaf Extracts 
Incorporation of leaf extracts (Table-5. 13) of all the 
three plant species viz. Helianthus annuus (Ha^, Hag); Taqetes 
erect a (Te^, Teg) and Z innia eleqans (Ze;^ , Zeg) into the soil 
tended to improve the growth of black gram plants. The degree of 
effectiveness was dose and plant dependent. ft significantly 
increased plant growth was recorded in the treatments having 
higher dosages of all the three plant species (Hag, Teg and Zeg) 
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arid lower dose of T. erect a (Te^^). 
In the absence of nematode, soil application of H. 
annus and T. erecrta leaf extracts improved the plant growth in 
comparison to uninoculated untreated control (Pno+Nto). Ornong all 
the test plants, leaf extract of H. annuus was more effective in 
improving the growth. Maximum value was recorded in the treatment 
with higher dose of H. annuus. The growth of nematode infected 
plants was improved with the application of leaf extracts. The 
degree of effectiveness was dose and plant dependent. T. erect a 
was comparatively superior over other plants. The growth of 
concomitantly (MiRr) infested plants was significantly improved in 
the t-reatments with either of the doses of T. erect a <Tej^, Te^) 
or higher dose of Z_. eleqans (Zeg). 
5.4.1.3.1.4 Combined Effect cf Fungus and Leaf Extracts 
Most of the combinations of fungus and leaf extract 
significantly increased the plant growth, in comparison to control 
(Table~5. 13) , excepting the treatments where lower dose of 2_. 
eleqans leaf extract was combined with either of the dosages oF P.. 
1 i lac in us or lower dose of Q. f usi spora, higher dose of Z.« eleqans 
plus lower dose of Q. fusispora, and lower dose of H. annuus with 
lower dose of either £. 1ilacinus or R. fusispora . 
In treatments, having both the components, there was 
an additional increase in the growth of nematode infected paints. 
Significantly increased plant growth was noted in concomitantly 
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inoculated plants treated with fungus plus leaf exti^act except m 
the treatments PI j^  + Haj^+MiRr, fif j^ +Ha j^ +Mi Rn, and flf ^ i-Ze j^ +Mi Rn, in 
corn p a n son to concomitantly inoculated untreated control 
(Bfo+Pxo+MiRr) . 
Maximum improvement (8. Al'/-) in the growbh of 
uninoculated plants was obsev^ved m the treatment with higher 
dosages of fi. f usi spora plus H. an nu us leaf extract (Af £+Ha-.+Nto) 
while minimum (1.90"/.) was noticed in the combination of lower 
dosages of P_. 1 ] 1 acinus plus T. erect a (PI-j^ +Te j^+Mto) . Improvement 
m the growth of M. incogniba inoculated plants was optimum m 
the combination of higher dosages of P.- 11 1 acinus and T. erect a 
leaf extract (Pl^+Te^+Mi) (£3.34"/.), and minimum (11.08"/-) m the 
treatment with lower dosages of Q. fusispora and H. annuus leaf 
extract combined (flf^+Haj^+Mi) . 
Greatest improvement in R^. r e m form is (23.27%) and 
concomitantly (5c:. 76"/) inoculate(J plants was achieved m the 
treatment with higher dosages of ft. fusispora plus T. erect a leaf 
extract, (ftf3+Te=.H-Rr and Pifr.+Ter.+l'liRr, respectively) and lowest 
(7.19 and 3A. 73"/-, respectively) with lower dosages of P.. 11 lacinus 
and H. annuus combined, in compar son to respective inoculated 
untreated control. 
5-4-1.3.2 Nodulation 
5. 4. 1.3. S. 1 Effect of Nematodes 
Significantly suppressed nodulation (Table-5. 14) vjas 
Table:5.14 Individual and coabined effect of bio-control fungi and leaf extracts on nodulation of black graM 
cv. Pant U- 19 infected nith Heloidocvne incoimita and Rotylenchulus renifomis. 
Pxo 
Helianthts armuus 
Haj Hag 
Taqetes erects 
Tej Teg 
Zinnia eleqans 
Zej ' Zeg 
Bfo+Nto 
Bfo+«i 
Bfo+Rr 
Bfo+«iRr 
% 
58 (-39.58) 
64 (-33.33) 
27 (-71.88) 
Paecilonyces lilacinus 
Pll+Nto 
Pll+«i 
Pll+Rr 
Pl^ +MiRr 
Plg+Nto 
Pl2+«i 
Plg+Rr 
Plg+MiRr 
flcrophialot* 
ftfl+Nto 
ftfj+Mi 
flfl+Rr 
flfi+«iRr 
flfg+tlto 
flfg+Hi 
flfg+Rr 
flfg+«iRr 
CD. (P(0.05) 
91 (-5.21) 
64 ( 9.37) 
68 ( 5.88) 
39 (30.77) 
87 (-9.38) 
70 (17.14) 
75 (14.67) 
47 (42.55) 
lora fusisoora' 
101 ( 4.95) 
62 ( 6.45) 
70 ( 8.57) 
36 (25.00) 
92 (-4.17) 
66 (12.12) 
75 (15.79) 
45 (40.00) 
110 (12.73) 
67 (13.43) 
60 (-6.25) 
32 (15.63) 
102 ( 5,88) 
71 (18.31) 
66 ( 3,03) 
43 (37.21) 
98 ( 2.04) 
74 (21.62) 
80 (20.00) 
57 (52.63) 
102 ( S88) 
69 (15.94) 
65 ( 1.54) 
37 (27.03) 
102 ( 5,88) 
71 (18.31) 
76 (15.79) 
51 (47.06) 
NeMtode» 2.450, 
116 (17.24) 
75 (22.57) 
71 
49 
107 
78 
75 
56 
104 
81 
86 
69 
114 
75 
71 
51 
109 
79 
84 
66 
( 9.85) 
(44.90) 
(10.28) 
(2S.&4) 
(14.67) 
(51.79) 
( 7.69) 
(28.40) 
(25.58) 
(60.87) 
(15.79) 
(22,67) 
( 9.86) 
(47.06) 
(11.93) 
(26,58) 
(23.81) 
(59.09) 
Fundus? 
102 
72 
68 
46 
( 5.88) 
(19.44) 
( 5,88) 
(41.30) 
99 ( 3.03) 
76 
71 
51 
91 
80 
83 
66 
98 
74 
76 
51 
99 
78 
82 
64 
(23.68) 
( 9.86) 
(47.06) 
(-5.21) 
(27.50) 
(22.89) 
(59.09) 
( 2.04) 
(21.62) 
(15.79) 
(47.06) 
( 3.03) 
(25.64) 
(21.95) 
(57.8J) 
2.739, 
110 (12.73) 
78 (25.54) 
74 (13.51) 
54 (50.00) 
105 ( 8.57) 
80 (27.50) 
78 (17.95) 
62 (56.45) 
98 ( 2.04) 
86 (32.56) 
90 (28.89) 
80 (65.25) 
112 (15.69) 
80 (27.50) 
82 (21.95) 
55 (58.46) 
107 (10.28) 
84 (30.95) 
87 (25.44) 
74 (63.51) 
99 ( 3.03) 
59 (15.94) 
73 (12.33) 
49 (44.90) 
90 (-6.25) 
75 (23.56) 
75 (14.67) 
58 (53.45) 
87 (-9.38) 
81 (28.40) 
85 (24.71) 
59 (60.86) 
98 ( 2.04) 
70 (17.14) 
76 (15.79) 
51 (47.06) 
98 ( 2.04) 
74 (21.62) 
80 (20.00) 
59 (54.24) 
85 (-11.46) 
74 (21.62) 
78 (17.95) 
51 (47.06) 
87 (-9.38) 
78 (25.64) 
81 (20.99) 
63 (57.14) 
87 (-9.38) 
83 (30.12) 
88 (27.27) 
74 (63.51) 
93 (-3.13) 
78 (25.64) 
80 (20.00) 
50 (55.00) 
89 (-7.29) 
81 (28.40) 
85 (24.71) 
70 (51.43) 
Leaf extracts 3.241, 
Fungus x Nemtode^^ 5.477, 
Fungus x Leaf extract" 7.246, 
Leaf extract x Nematodes 5.481, 
Fungus x Leaf extract x Netsatode* 14.492. 
Pxo No Leaf txtract, Haj |t. innjn 5«l/kg toil, Kag It annut lOwl/kg soil, TBJ X. friKtl Swl/kg toll. Teg 
L erecta 10>l/kg soil, Zej L eleofflw Sal/kg sotl, Zeg Z. eleqans lOnl/kg soil, Bfo No Bio control fungus, 
Pll P. lilacinus Ig/ltg soil. Pig P. lilacinus gp/kq soil, fifj ft. fusisoora 5o/ko soil, flfg ft. fusispora 
lOg/kg soil, Nto No newtode, Hi K incognita. Rr R. renifomis. 
Per cent increase/decrease (-) over respective control is indicated in parentheses. 
noted on M. incognita or R^. rem Foi-rni s incculated plants, either 
singly or concomitantly (MiRr)- Reduction in nodulat ion was 
greater on concomitantly inoculated plants than caused by either 
of them individually. There was 39.58, 33.33 and 71.83 per cent 
reduction m nodulation m the presence of M. incognita, R.. 
r e m form 15 and conconutance of both the pathogens, respectively. 
5-4. 1.3. 2. e Effect of fungus 
Significantly increased nodulation was observed under 
the influence of both the dosages of P.. 11 lac in us <Pli, Pl^) and 
ft. fusispora in comparison to untreated control. In general, the 
effect of both the fungi on nodulation was similar (Table—5.14). 
Addition of either £. 111 acinus or 0. fusispora increased the 
number of bacterial nodules per root system of nematode infected 
plants. Significantly increased modulation of R. r^erii forrr is or M^ . 
incognita infected plants was achieved at the higher dose of both 
the fungi, m comparison to inoculated untreated control. On the 
other hand, on concomitantly inoculated plants applicaticn of even 
the lower dose of either of the fungi significantly increased 
nodulation, m comparison to concomitantly infected untreated 
control <Bfo+MiRr). 
5.4. 1.3. S. 3 Effects of Leaf Extracts 
Leaf extracts of all the three plant species were 
beneficial in increasing nodule numbev^ on black grarr plai'its, 
significantly <Ta\ble-5. 14) . Increased nodulation wa<5 significant 
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even at the lower" dosages of the leaf exbract'^. High63r dosages of 
LI- arm'JUS and T. erecta were signi f ir?ant ly superior over their^ 
lower dosages. Highest value was obtained m the treatment with 
higher dose of T. erect a (Teg) and was significantly superior^ ovei--
all the other treatments. 
When nematode application was v^ithheld, a significant 
increase m nodulation was recorded m the treatments with either^ 
of the dosages of H. annuus leaf extract and higher dose of T. 
erect a, m comparison to uninocluated untreated control. The leaf 
extracts of all three plant species were effective m increasing 
the nodulation of nematode infected plants. The degree of 
effectiveness was dose and plant dependent. With the exception of 
lower dose of H. annuus, significantly increased nodulation of M_. 
incognita infected plants was observed when compared with M. 
incognita inoculated untreated control. Improvement in nodulatiori 
of R. r e m form is infected plants was significant m all the> 
treatments except at lower dose of H. annuus and T. erect a ir> 
comparison to inoculated untreated control <Pxo+Rr). In 
concomitant inoculation, increased nodulation in treatment 
Ha^+MiRr was statistically at par to concomitantly inoculatec 
untreated control. 
5.4.1.3.2.4 Combined Effect of Fungus and Leaf Extract 
Various combinations of fungus and leaf extract!, 
significantly increased the? nodulation excepting in the treatment 
ISA 
with lower dose of £. 1 i 1 acinus plus H. anriuus in comparison to 
uninoculatecl untreated control (Table-5. 14) . In combined 
application, highest value was recorded in the treatment Teg+Plg 
followed by Teg+ftfg and minimum in the tr^eatment of lower dosages 
of Q. fusispora and H. annuus combined (fif^+Hai). 
Combined application mostly showed significant 
improvement in nodulation on M. incognita infected plants, the 
exception was encountered in the treatments with lower dose of H. 
annuus plus lower dose of either £. 1 i 1 acinus (PI ^j^ +Haj^ +Mi ) or ft. 
fusispora (flfj+Ha^+Mi) or higher dose of ft. fusispora 
(flfg+Ha^+Mi), in comparison to M. incognita inoculated untreated 
control (Bfo+Pxo+Mi ) . In R,. renif ormi s infested plants, combined 
application of lower dosages of H. annuus leaf extracts plus £. 
1 i 1 acinus (PI j^+Ha^ + Rr) ; lower dosages of H. annuus plus fi. 
fusispora (ftf j^ +Haj^  + Rr) ; lower dose of H.. annuus plus higher dose 
of Q, fusispora (Plfg+Haj^+Rr) ; higher dose of H. annuus leaf 
extract plus lower dose of P. 1i1acinus (PIj+Hag+Rr); higher dose 
of H. annuus plus lower dose of Q. fusispora (flf j^+Hag+Rr) ; lower 
dose of T. erecta combined with lower dosage of P. 1i1acinus 
(PI 1+Tej^+Rr) or Q. fusispora (Af i+Te^ + Rr) ; and lower dose of Z.. 
eleqans leaf extract plus either lower dose of £. 1i1acinus 
(Plj + Zsj^+Rr) Of' 9.. fusispora (Plf;[ + Zej^+Rr) , showed non-significant 
improvement in nodulation in comparison to R_. reni f ormi s 
inoculated untreated contr-ol (Bfo+Pxo+Rv-) . On concomitantly 
inoculated plants, significantly increased nodulation was recorded 
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in all the treatments except in treatment with lower dosagec of Q, 
fusispora and H. annuus combined, in comparison to concomitantly 
inoculated untreated control (Bfo+Pxo+MiRr). 
In combined application maximum increase in nodulation 
on uninoculated plants (15.79'/.) was observed in the treatment with 
lower dose of ft. fusispora combined with higher dose of H. annuus 
leaf extract (ftfj+Hag+Nto). The best combination for M. incognita 
inoculated plants was found to be at higher dosages of £. 
1 i 1 acinus plus T. erect a leaf extract causing 3£. 5S"/. (maximum) 
increase in nodulation. In R.. reni form is inoculated plants maximum 
improvement in nodulation (58.89"/) was achieved in the treatment 
with higher dosages of £. 1 i1acinus and T. erect a leaf extract 
combined. In concomitant infestation, combined application of 
higher dosages of jP. 1 i lac in us plus '_'_. erect a leaf extract caused 
greater improvement (66.£5"/i) (Table-^i. 14) . 
5.4-1.3.3 Nematode multiplication 
The data presented in Table-5.15 and 5.16 indicated 
that black gram cv. Pant 0-19 is prone to attack by M. incognita 
and R. reni formis. as both the nematodes multiplied several folds. 
In combined inoculation the multiplication of each nematode 
species was significantly suppressed, in comparison to single 
species inoculation. In single species inoculation, the R^ Value 
of M. incognita and R.. renifoi-mis was 19.84 and 16.91 
respectively, vjhereas, it was signi 1"icant ly suppressed to 14.87 
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Tablets. 15 Individujil and coabiiwd affact of bio-control fungi and leaf extracti on Bultiplication of (Rf) 
Heloidoovne incognita infecting black gram cv.Pant U-19 in presence or absence of Rotvlenchulus 
rcniforwis 
Hel ianthus annuus Taoctes erecta Zinnia eleoans 
Pxo Ha, Hi, Te, Te, 2e, Ze. 
Bfo*-Ni 
Bfo+HiRr 
19.8A 
IA.87 
PaeciloBYces lilacinus 
Pll+«i 
Pll+NiRr 
Pl2+Ni 
Plg+NiRr 
11.71(40.97) 
9.16(38.39) 
8.69(56.19) 
6.60(55,61) 
Rcrophialophora fusispora 
flfl+«i 
flfl+«iRr 
flfg+Mi 
fifg+MlRr 
12.42(37.39) 
9.30(37.A5) 
9.13(53.98) 
6.94(53.32) 
17.29(12.85) 
13.04(12.30) 
10.97(44.70) 
8.20(44.85) 
8.16(56.87 
6.11(58.91 
11.60(41.53) 
8.74(41.22) 
8.69(56.19) 
6.58(55.74) 
C. D. (P <0.05) Ne«atode= 0.173, 
Fungus x NeraatodeB 0.386, 
Fungus x Leaf extract= 0. 
14.13(28.78) 
10.68(28.17) 
10.04(49.39) 
7.59(48.95) 
7.21(63.65) 
5.32(64.22) 
10.89(45.11) 
8.21(44.78) 
7.89(60.23) 
5.96(59.58) 
Fung 
723, 
15.51(21.82) 
11.62(21.85) 
10.15(48.84) 
7.59(48.95) 
7.69(51.23) 
5.64(62.07) 
10.99(44,60) 
8.30(44.16) 
8.11(59.12) 
5.%(59.91) 
us= 0.273, 
11.43(42.38) 
8.92(40.01) 
8.% (54.83) 
6.64(55.34) 
6.56(66.93) 
5.11(65.63) 
9.87(50.25) 
7.19(51.64) 
7.18(63.81) 
5.32(64.22) 
16.45(17.08) 
12.34(17.01) 
10.54(46.87) 
7,87(47.07) 
7.% (59.87) 
5.92(60.18) 
11.27(43.19) 
8.47(43,03) 
8.48(57.25) 
6.41(56.89) 
Leaf 
11.86(40.22) 
9.35(37.12) 
9.54(51.85) 
7.32(50.77) 
6.91(55.17) 
5.11(65.63) 
10.48(47.17) 
7.91(46.80) 
7.69(61.29) 
5.67(61.86) 
extact= 0.323, 
Leaf extract x Nenatode= 0.457, 
Fungus x Leaf extract x Neiatode= 1.021. 
annus lOnl/kg soil, Tej T. erecta Sal/kg soil, Teg Pxo No Leaf extract, Haj H. annus Sil/kg soil, Hag H. 
I erecta lOal/kg soil, Zej 1. eleqans 5«l/kq soil, Zeg Z. eleqans lOml/kg soil, Bfo No Bio control fungus, 
P^ l £• lilacinus Ig/kg soil, Pig P. lilacinus 2o/kq soil, flfi A. fusispora 5q/kq soil, fifg Q. fusispora 
lOg/kg soil. Mi M. incognita. Rr R. reniforais. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
TabIe:S.16 Individual and coabined effect of bio-control fungi and leaf extracts on lultiplication (Rf) of 
Rotylenchulus renifoniis infecting black qram cv. Pant U-19 in presence or absence of Heloidopyne 
incognita. 
Helianthus annuus Taoetes erect a Zinnia eleoars 
Pxo Ha, Has Te, Tea Ze, Zeo 
Bfo+Rr 
Bfo+KiRr 
16.91 1S.^ S( 6.63) 
12.89 11.92( 7.52) 
Paecilonvces lilacinus. 
Pll+Rr 
Pll+Niftr 
Plg+Rr 
PlgHtiRr 
11.92(29.50) 11.08(3*.*7) 
9.11(29.32) B.47(3*.29) 
9.67(A2.81) 8.96(47.01) 
7.43(42.35) 6.71(47.94) 
flcrophialophora fusispora 
ftfl+Rr 
flfl+MiRr 
flfgtRr 
flfgi-MiRr 
11.47(32.17) 9.82(41.92) 
6.91(30.87) 7.46(42.12) 
9.51(43.76) 7.16(57.601 
7.20(44.14) 5.49(57.40) 
CD. (P<0.05) Ne«iatode= 0.137, 
Fungus x Nefiutode= 0.307, 
13.51(20.10) 
10.34(19.78) 
9.81(41.98) 
7.39(42.66) 
8.19(51.56) 
6.18(52.05) 
9.18(45.71) 
6,89(46.54) 
6.94(58.95) 
5.21(59.58) 
14.13(16.43) 
10.74(16.67) 
10.25(39.38) 
7.86(39.02) 
8.26(51.15) 
6.34(50.81) 
9.25(45.29) 
7.02(45.53) 
6.95(58.90) 
5.34(58.57) 
FunQUS= 0.217, 
t 
Fungus x Leaf extracts 0.575, 
10.20(39.68) 
7.93(38.47) 
8.35(50.62) 
6.32(50.96) 
7.16(57.65) 
5.49(57.40) 
8.65(48.84) 
6.42(49.41) 
5.72(66.17) 
4.29(66.20) 
13.06(22.76) 10.69(36.78) 
9.98(22.57) 8.33(35.37) 
9.88(41.57) 8.84(47.72) 
7.55(41.42) 6.67(48.25) 
6.91(60.43) 5.53(67.29) 
5.14(60.12) 4.26(66.95) 
8.92(47.25) 8.39(50.38) 
6.74(47.71) 6.35(50.73) 
7.11(57.95) 5.86(65.34) 
5.43(57.87) 4.41(65.78) 
Leaf extract= 0.257, 
Leaf extract x Nematodes 0.364, 
Fungus x Leaf extract x Neiatode° 0.B13. 
Pxo No Leaf extract, Haj H. annus Sal/kg soil, Kag H. annus lOml/kg soil, Tej T. erect a 5Bl/kg soil. Teg 
T. erecta 10«l/kg soil, Zej Z. eleqans 5«l/ka soil, Zeg Z. elcqans lOnl/kg soil, Bfo No Bio control fungus, 
Pll P. lilacinus Ig/kg soil, Pig P. lilacimis 2q/kq soil, ftfj fl. fusispora Sq/kn soil, fifg fl. fusispora 
lOg/kg soil, Mi M. incognita. Rr R. renifomis. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
and 12.89, respectively, on concomitant inoculation. 
5.4.1.3.3.1 Ei^fect of Fungus 
fill the treatments were significantly superior over 
control (Bfo) in reducing the nematode population as indicated by 
RfT values of M. incognita (Table-5. 15) s^rid R.. reniforrnis 
(Table-5. 1&). Increasing dosages of either of the fungi were 
significantly superior than the lower dose. £. 1ilaci nus was more 
effective against M. incognita than ft. fusispora, while fl. 
f usispora was more effective against R,. reni formis than £. 
1ilacinus. In single species or concomitant inoculation, Rf value 
of M. incognita was lowest in the treatment Plg+Mi and Plo+MiRr, 
and if R^. reni formis was in the treatments fifg + Rr and fifg+MiRr-
5.4.1.3.3.2 Effect of Leaf Extract 
Leaf extracts of all the three test plants showed 
nematotoxic properties against both the pathogens, M. incognita 
and R^. reniforrnis. Significantly suppressed multiplication (Rf) 
of R^. reniforrnis (Table-5. 16) and M. incognita (Table-5. 15) wais 
noted in the soil treated with either of the dosages of leaf 
extracts from all the three plant species. In single species as 
well as in concomitant inoculation, the suppressive effect of T. 
erecta was significantly more pronounced on M. incognita 
population as it recorded the least value, whereas, the effect of 
Z.. elegans and T. erect a at the higher dosages on R. reniforrnis 
was at par to each other though the treatment Ze^ recorded the 
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least value. 
5.4.1-3.3.3 Combined Effect of Fungus and Leaf Exti^acts 
In the treatments having both the components (fungus, 
and leaf extract) combined, there was a significant decrease in 
the populations of M. incognita (Table—5. 15) and R, reni form is 
(Table—5.16), in comparison to respective inoculated untreated 
controls. In single species inoculation, the reduction in R^ value 
of R.. reni form is in the treatment having fungus and leaf extract 
together was significantly more than when fungus or leaf extract 
were alone, except in the treatment at higher dose of £. 1i1acinus 
plus lower dose of H. annuus leaf extract. Similarly, in 
concomitant inoculation (MiRr), significantly reduced 
multiplication (R^) of R^. reni formi s, in comparison to individual 
application, was recov-ded in all the combinat :.ons of fungus and 
leaf extracts except in the treatment with either of the dose of 
E- 1ilacinus combined with lower dose of H. armuus leaf extract 
(Pll+Ha^+MiRr and Pl2+Hai+MiRr) . Similarly, tfie difference in Rf 
value of M. incognita (inoculated singly or covicomitant ly) between 
combined application of fungus and leaf extracts and individual 
application of either of the components was significant in most of 
the treatments. 
In combined application (Table-5. 15) , maximum 
reduction in the multiplication of M- incoqnit a (single species 
inoculat ion) (6&, 33'/') was v^ecorded in the treatment with higher 
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dosages of P- 1i1acinus plus T. erecta leaf extract (Plg+Teg+Mi); 
the reduction was minimum (41.53"/.) in the treatment with lowev^ 
dosage of ft- fusispora and H. annuus leaf extracts combined 
(Of i+Haj^+Mi) . Maximum reduction (65.63'/-) in the multiplication of 
M- incognita. when inoculated concomitantly- was noted in the 
treatments with higher dose of £- 1i1acinus combined with higher 
dosages of either T- erect a (Plg+Teg+Mi Rr) or Z.. eleqans 
(Plg+Zeg+MiRr) - Minimum reduction (41-E£/i) was observed in the 
treatment with lowev" dosages of ft. fusispora plus H- annuus leaf 
extract (PIf ]^+Haj_+MiRr). Suppression of R^- r'en if ormis, when present 
singly or concomitantly, was maximum (67. £9 and 66.95"/-, 
respectively) in the treatment with higher dosages of P. 1i1acinus 
and Z.. el eqans leaf extract combined (Pl^+Ze^+Rr and Pl^+Zeg+Mi Rr, 
respectively). In combined applicatiori of lower dosages of P.. 
1 i 1 acinus plus H. annuus leaf extract (Pfj^+Ha^) suppression of R,. 
reni formis Rf value was minimum, when present singly (34.47%) or 
concomitantly (34.29:^) (Table-5. 16) . 
5.4. 1.3.4 Galls 
There was severe galling (271) on the roots of 
black gram cv. Pant U-ig when M. incoqnj ta was inoculated singly. 
However, the galling was significantly reduced (182) in the 
presence of R. reniformis (Table-5. 17) . 
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Tablets. 17 Individual and conbircd efffct of bio-control fungi and leaf extracts on gall fomation of of black 
graa cv. Pant l}-19 infected with Weloittocvne incognita in the pretence or absence of Rotvlenchulus 
renifomis. 
Pxo 
Hflianthin annuus 
Ha^  Hag 
Tioetes erect* 
Tei Teg 
|pr>>l ftlffqan^ 
Ze^ Zeg 
Bfo+«i 
Bfo+«iRr 
271 
162 
Paecilouvces lilacinus 
Pll+Hi 
Pll+MiRr 
Plg+Hi 
Plg+HiRr 
160(40.95) 
110(39.56) 
110(59.40) 
76(58.24) 
236(12.91) 
159(12.63) 
149(45.01) 
100(45.05) 
104(61.62) 
70(61.53) 
flcroDhialoohora fusispora 
flfl^^i 
flfl-miRr 
ftfg+Mi 
flfg^iRr 
169(37.63) 
114(37.36) 
121(55.35) 
83(54.39) 
157(42.06) 
107(41.20) 
116(57.19) 
80(56.01) 
CD. (P(O.OS) NeMtodr'3.136, 
Fungus x 
Fungus x 
Pxo No Leaf extract, 
T. frec^ lOal/kq soil, 
Pll P. 
201(25.83) 
134<2$.37) 
131(51.66) 
92(49.45) 
92(66.05) 
62(65.93) 
148(^.38) 
97(46.70) 
104(61.62) 
72(60.43) 
Fungus' 
Nefutode= 7.013, 
Leaf extract' 
Haj H. annus 
13.121, 
Sil/kg soil, Hag H, 
Zc) Z. eleqans Sil/kq soil, Ze^ 
lilacinus Iq/kg soil, Pip ( 
lOQ/kQ soil, Mi M. incoonita, 9r R. 
>. lilacnus 2a/kQ 
reniforeis. 
211(22.14) 
140(23.07) 
137(49.44) 
92(49.45) 
101(62.73) 
67(63.18) 
149(45.01) 
101(44.50) 
109(59.77) 
74(59.34) 
« 4.959, 
164(39.48) 
110(39.56) 
118(56.45) 
78(57.14) 
82(69.74) 
56(69.23) 
130(52.02) 
89(51.09) 
91(66.20) 
60(67.03) 
225(16.97) 
151(17.03) 
142(47.60) 
%(47.25) 
104(61.62) 
69(62.08) 
153(43.54) 
104(42.85) 
113(58.30) 
78(57.14) 
190(29.68) 
122(32.%) 
127(53.17) 
85(53.29) 
60(57.52) 
60(67.03) 
137(49.44) 
92(49.45) 
93(65.68) 
63(65.36) 
Leaf extract^ 5.866, 
Leaf extract x Ne«atode> 8.298, 
Fungus x Leaf 
annus lOnl/kq soil, Te^  
Z. eleoans 
soil, nf} A. 
. lOnl/kg soil. 
fusispora 5o/ka 
extract x Ne«atode=18.55S. 
T. erecta Sal/kg soil, Teg 
Bfo No Bio control fungus, 
soil, flfg fi. fusispora 
Per cent decrease over respective inoculated control is indicated in parantheses. 
5.4.1.3.4.1 Effect of Fungus 
Soil application of £. 1ilacinus and fi. fusispora at 
both the dosages was beneficial in reducing the number of galls 
per root system. The beneficial effect was dose dependent and 
statistically significant. In general, P_. 1 i lac in us V';as 
significantly more effective than ft. fusispora in suppressing the 
number of galls per root system. In the absence or presence of R_. 
reni formis, significantly lowest value was noticed in the 
treatment with higher dose of P. 1ilacinus , while the highest 
value was recorded in the treatment with lower dose of ft" 
fusispora (Table-5.17), 
5.4.1.3.4.2 Effect of Leaf Exti-act 
Leaf extracts of three plant species (Table-5. 17) , at 
both the dosages significantly suppressed ;^he average gall 
number per plant- The suppressive effect of higher dose was 
significantly greater than the lower dose. fimo'-ig all the three 
plants, the leaf extract of T. erect a was m^ zire effective in 
reducing the number of galls, and its higher dose recorded a 
significantly lower value than all the other treatments. 
5.4.1.3.4.3 Combined Effect of Fungus and Leaf Ejrtr^ act 
In general, fungus application alone was significantly 
beneficial than leaf extract, except in the trea:ment having lower 
dosages of P. 1 i lacinus and ft. f usispora which wev-e at par- to the 
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treatment with highor dose of T. electa (Table—5.37). 
Various combinations of fungus and leaf extracts 
significantly reduced gall formation m the prcssence (MiRr) or 
absence of R.. r e m form is (Mi), in comparison to respectiv 
control. In single spcecies as well as concomitant inoculations, 
applications of fungus alongwith higher dc^se of leaf extracts of 
T. erecta or Z. eleqans. significantly reduced gall formation, m 
comparison to individual cipplication of either of the components 
at the same dose except in treatment with hi gher dosages of £. 
11 lac in us and Z.. elegans leaf extract applied to concomitant 
inoculation. Similarly, m single species inoculation, combination 
of lower dose of fungus with either lower dose of T. erecta or 
higher dose of H. annuus leaf extracts significantly reduced the 
number of galls m comparison to individual application 
(Table-5. 17). 
In single species inoculation, highest gall reduction 
was achieved in the treatment with higher dosages of £. 1i1acinus 
and T. erccta leaf extract combined (69.74'/) and lowest (42.05/^) 
in the trstitment with combined application of lower dosages of fi. 
fusispora and H. annuus leaf extract. In concomitance of both the 
pathogens, higher dosages of P. 11lacinus plus T. erecta leaf 
extract ccmbmed, caused maximum reduction an gall formation 
(69.£3"/i), whereas the combined effect of lower dosages of R,. 
fusispora and H. annuus leaf extract caused lowest (Al.oO'/O 
l&l 
re?duction in number of galls per plant as compared to inoculated 
untreated control (Table-5.17). 
5-A_l.A With Oil-Cakes and Leal^ Extracts 
5. 4- 1. 4. 1 Plant growth 
5.4.1.4.1.1 Effect of Nematodes 
Meloidogyne incognita (Mi) and Rotylenchulus 
reni formis <Rr) significantly reduced the growth of black gram 
cv. Pant U-ig (based on dry shoot weight) in comparison to 
uninoculated control (Nto) (Table-5. 18) . The two together 
(MiRr), caused significantly higher growth reduction than either 
of them. The redaction caused by M. incognita was greater (31.41'/-) 
than that by R_. reni formi s (2&. Bl'/-) . The two together caused a 
greater reduction (58.55"/.) in dry shoot weight in comparison to 
total reduction caused by single species. 
5.4.1.4.1.2 Effect of Oil Cakes 
Table-5. 18 revealed that the effects of oil cakes i-n 
plant growth were significant. Plant growth was sigificantly 
enhanced in the oil cake amended soils, in comparison to those 
grown in unamended soils (Co). Increasing dosages of oil cak.?s 
were significantly benefical in improving the plant growth. Tlie 
effect of neem cake was at par to mustard cake. 
In uninoculated plants maximum enhancement in the 
growth was recorded at higher dose of mustard cake (Mcg) a-id 
minimum at lower dose of necem cake (Ncj^), in comparison to control 
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TabliiS. IB Individual and coatiiMd tfftct of oil-cakas and leaf ixtracti on dry ihoot wight of black graa cv. 
Pant l)-19 infectid with Heloidocviw incoonita and Rotvlenchulus renifomis. 
Htl iinthw annus Il9!iS trXEii ?i""iflgltyini 
Pxo Ha 1 Ha, Te 1 Te, Ze Ze, 
Co+Nto 5.38 
Co+Hi 3.69 (-31.41) 
CotRr 3.97 (-26.21) 
Co+«iRr 2.23 (-58.55) 
Nen oil-cake 
Nci*Nto 6.02 
Nci+Mi 4.18 
Nci+Rr 
Nci+MiRr 
(10.63) 
(11.72) 
4.59 (13.50) 
3.46 (35.54) 
Nc2+Nto 6.46 (16.71) 
Nca+Ki 4.55 (18.90) 
Ncg+Rr 4.98 (20.28) 
Nc2+t(iRr 4.14 (46.13) 
Mustard oil-cake 
Mcj+Nto 6.11 (11.94) 
«ci+«i 4.48 (17.63) 
Mci+Rr 4.41 (10.64) 
Mci+HiRr 3.37 (33.82) 
5.60 (+3.72) 
3.94 ( 6.34) 
4.09 ( 2.93) 
2.90 (23.10) 
5.96 ( 9.73) 
4.56 (19.07) 
4.98 (20.28) 
4.26 (47.65) 
6.27 (14.19) 
4.69 (21.32) 
5.13 (22.26) 
4.41 (49.43) 
6.10 (11.eO) 
4.82 (23.44) 
4.54 (12.56) 
3.96 (43,69) 
5.74 (•6.27) 
4.38 (15.36) 
4.29 ( 7.45) 
3.14 (28.96) 
6.21 (13.36) 
4.62 (20.12) 
4.98 (20. a ) 
4.51 (50.85) 
6.62 (18.73) 
4.61 (23.28) 
5.21 (23.80) 
4.65 (52-04) 
6.44 (16.45) 
4.94 (25,30) 
4.76 (16.60) 
4.34 (48.62) 
5.44 (+1.10) 
4.16 (11.29) 
4.39 ( 9.56) 
3.14 (2fi.98) 
5.72 ( 5,94) 
4.62 (20.12) 
4.97 (20.12) 
4.48 (50.12) 
6.10 (11.80) 
4.98 (25.90) 
5.27 (24.67) 
4.79 (53.44) 
5.96 (10.78) 
4.91 (24.84) 
4.62 (14.07) 
4.17 (46.52) 
5.60 (+3.92) 
4.48 (17.63) 
4.64 (14.43) 
4.14 (46.13) 
5.97 ( 9.88) 
4.79 (22.%) 
5.10 (22.15) 
4.68 (52.35) 
6.39 (15.80) 
5.09 (27.50) 
5.29 (24.95) 
4.97 (55.13) 
6.39 (15.80) 
5.10 (27.64) 
4.84 (17.98) 
4.56 (51.10) 
5.30 (-1.48) 
4.09 ( 9.77) 
4.26 ( 6.80) 
3.04 (26.64) 
5.61 ( 4.09) 
4.59 (19.60) 
5.06 (21.54) 
4.41 (49.43) 
5,90 ( 8.81) 
4.73 (21.98) 
5.28 (24.80) 
4.59 (51.41) 
5.84 ( 8.55) 
4.88 (24.38) 
4.70 (15.53) 
4.21 (47.03) 
5.11 (-5.01) 
4.26 (13.86) 
4.51 (11.97) 
3.96 (43.66) 
5.84 ( 7.87) 
4.65 (20.64) 
5.21 (23.80) 
4.57 (51.20) 
5.73 ( 6.10) 
4.80 (23.12) 
5.31 (25.24) 
4.72 (52.75) 
5.72 ( 5.94) 
5.03 (26.64) 
4 . % (19.96) 
4.56 (51.10) 
Mc2*Wto 6.59 (18.36) 
«C2+«i 4.87 (24.22) 
Mc2+Rr 4.69 (15.35) 
Hc2+«iRr 4.10 (45.60) 
6.67 (19.34) 
5.13 (28.07) 
4.89 (16.81) 
4.64 (51.94) 
6,78 (20.65) 
5,29 (30.25) 
4,98 (20,28) 
4,91 (54.56) 
6.43 (17.10) 
5.18 (28.76) 
4.83 (18.81) 
4.74 (52.95) 
6.78 (20.65) 
5.30 (30.37) 
5.09 (22.00) 
4.99 (55.31) 
6.32 (14.87) 
5.16 (28.48) 
4.98 (20.28) 
4.74 (52.95) 
6.10 (11.80) 
5.24 (29.58) 
5.18 (23.36) 
4.96 (55.04) 
CD. (P(0.05) Nematodes 0.157, Oil-cake= 0.173, Leaf extract = 0.206, 
Oil-cake x Ne«atodF= 0.353, Leaf extract x Nematode* 0.420, 
Oil-cake x Leaf extract= 0.466, Oil-cake x Leaf extract x Neaatode= 0.938. 
Pxo t^o Leaf extract, Haj H, annus 5«l/kq soi l , Hag H. annus lOml/kg soi l , Tej T. erecta Soil/kg soi l , Teg 
I , erecta lOml/kg so i l , Zej Z. eleqans 5il /kq so i l , Z ^ Z. eleqans lOnl/kg so i l , Co No Oil cake, Ncj 
cake 0.5g N/kg soi l , Nc2 Meet cake l.Og N/kg soi l , Hcj Hustard cake 0.5g N/kg soil , Mcg Mustard cake 
N/kg soi l , Nto No neiatode, Mi H. incognita, Rr R. rg i i fomis . 
Per cent increase/decrease (-) over respective control i s indicated in parentheses. 
Neea 
l.Og 
(Co+Nto) . Effect of Mc-. was significantly superiov" to Ncg on 
M. incognita (Mi) inoculated plants, whereas, on R. reniforrnis <Rr) 
as well as concomitantly <MiRr) inoculated plants, it was at par. 
In MiRr the higher dose of mustard cake (Mcg) was significantly 
superior to the lower dose (Mcj). 
5.4. 1.A. 1.3 Effect of Leaf Extracts 
It is evident from Table-5.18 that the application of 
leaf extracts significantly improved the growth of black grarn, in 
comparison to control (Pxo). Effect of leaf extracts obtained from 
Helianthus annuus, Taqetes erect a and Z innia eleqans were at par 
to each other. The effect of leaf extracts was dose dependent. 
Extracts of H. annuus., T. erect a and Z.. el eqans at 
their higher dosages (Hag, Teg and Zeg, respectively) 
significantly increased the growth of M. incognita (Mi) inoculated 
plants. R_. renif orrnis (Rr) inoculated plants showed significant 
improvement in the treatments having higher doses of T. erecta and 
Z.. eleqans. On the other hand, concomitantly inoculated plants 
exhibited significant improvement in plant growth even at lower 
doses of all the three extracts. 
5-4.1.4.1.4 Combined Effect Df Oil-cake and Leaf Extr*acts 
Maximum plant growth was achieved in the treatment 
Mcg+Teg+Nto and minimum in the concomitantly inoculated control 
(Pxo+Co+MiRr), in comparison to untreated uninoculated control 
(Pxo+Co+Nto). Various combinations of leaf extracts plus oil cakes 
1S3 
si griif icant ly iricreased the growth of M. incoqriita inoculated 
plants over inoculated untreated control (Pxo+Co+Mi) excepting the 
treatments Ha j+Ncj^+Mi, Hag+Ncj^+Mi and Tsj^+Mcj^+Mi which were at par-
to inoculated untreated contv^ol (Pxo+Co+Mi) . In case of jR. 
reniforrnis inoculated plants, the treatments Haj+Mcj^ + Rr, 
Hag+Mc^+Rr and Te^+McgH-Rr were at par to inoculated untreated 
control (Pxo+Co+Rr). Among the concomitantly inoculated plants 
(MiRr), all the combinations significantly increased the plant 
growth over inoculated untreated control (Pxo+Co+MiRr) (Table— 
5. 18). 
Best combinations of all leaf extracts and oil cakes 
for noninoculated plants were Hag+Mcg+Nto and Teg+Mcg+Nto where 
the improvement in plant growth over noninoculated untreated 
control (Pxo+Co+Nto) was £0.G5 per cent. Among M.incognita 
inoculated plants the best combination was Teg+Mcg+Mi followed by 
Ha^+Mcg+Mi which caused 30.37 and 30.£5 per cent improvement, 
respectively, ov(?r inoculated untreated control (Pxo+Co+Mi). The 
best combination '^ or R. reni form is inoculated plants was Zeg+Ncg+Rr 
which caused 21:5.24 per cent improvement when compared to 
inoculated untreai:ed control (Pxo+Co+Rr). Concomitantly inoculated 
plants showed maximum growth enhancement in the treatment 
Te^+Mcg+MiRr (55.31'/.) followed by Te£.+Nc£+Mi Rr (55. 13-/-), and 
minimum in Ha]^+Mc«+MiRr (43.69:^) over inoculated untreated control 
(Pxo+Co+MiRr). M.incognita inoculated plants as well as 
R.reni formis inoculated plants exihibited minimum increase in the 
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growth over respective inoculated controls in the treatments 
Hai+Ncj+Mi (13.07"/.) and Haj+Mci+Rr (1S.56-/.), respectively 
(Table-5. 18) . 
5.4.1-4.2 Nodulations 
5. 4.1.4. £-1 Effect of Nematodes 
Inoculation with M. incognita and R.. r e m form is, 
individually or concomitantly caused significantly adverse effects 
on nodulation (Table—5. 19). Reduction in nodulation was 
significantly higher on M. incognita (Mi) inoculated than on 
R.. r^eri i form i s (Rr) inoculated plants. The reduction was 
significantly higher on concomitantly inoculated (MiRr) than on 
plants inoculated singly. In comparison to control (Pxo+Co+Nto), 
the supression was 69.42 per cent on concomitantly and 40.49 and 
31.40 per cent on singly (Mi and Rr, respectively) inoculated 
plants. 
5.4.1.4.2.2 Effect of Oil-Cakes 
It is evident from Table-5.19 that application of oil 
cakes significantly increased the nodulation even at lower doses, 
over control (Co). Highest value was noted in the treatment Ncg 
which was significantly superior to all other treatments. 
When nematode application was withheld, a maximum 
value was recorded in the treatment Ncg and minimum in Mcg which 
was significantly less than control (Co+Nto) as well as other 
treatments. On M. incogni ta inoculated plants maximum value was 
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Tablets. 19 Individual and coabined effect of oil-cakn and leaf extracts on nodulation of black graa cv. Pant 
U-19 Infected with Weloidoovne incoonita and Rotvlgnchulw renifomii. 
Pxo 
Helianthus annus 
Ha^ Ha2 
Taoetes eracta 
Tej Teg 
Zinnia elegans 
Zej Zeg 
Co+Nto 
Co+«i 
Co+Rr 
Co+«iRr 
121 
72 (-40.49) 
B3 (-31.40) 
37 (-69.42) 
Nee« oil-cake 
Nci+Nto 
Nci+Hi 
Nci+Rr 
Nci+HiRr 
Nc2+Nto 
Nc2+»li 
Ncg+Rr 
Nc2+*(iRr 
Mustard oi 
Mcj+Nto 
Mcj+Mi 
Mci+Rr 
Mci+MiRr 
Mc2+fito 
Mc2+f1i 
McgRr 
Mcg+MiRr 
128 ( 5.46) 
B5 (15.29) 
91 ( 8.79) 
53 (30.19) 
133 ( 9.02) 
% (25.00) 
105 (20.96) 
80 (53.75) 
1-cake 
113 (-6.61) 
87 (17.24) 
% (13.5*) 
62 (40.32) 
104 (-14.04) 
94 (23.40) 
108 (23.15) 
79 (53.16) 
137 (11.68) 
89 (19.10) 
65 ( 2.35) 
54 (31.48) 
141 (14.18) 
96 (26.53) 
93 (10.75) 
68 (45.59) 
141 (14.18) 
104 (30.77) 
101 (17.62) 
84 (55.95) 
130 ( 6.92) 
93 (22.58) 
99 (16,16) 
72 (48.61) 
130 ( 6.92) 
102 (29.41) 
109 (23.85) 
89 (58.43) 
CD. (P(0.05) NciHtode= 1.774, 
144 (19.01) 
96 (25.00) 
91 ( 8.79) 
65 (43.06) 
144 (15.97) 
104 (30.77) 
97 (14.43) 
79 (53.16) 
149 (18.79) 
113 (36.28) 
106 (21.70) 
% (61.46) 
138 (12.3!) 
98 (26.53) 
104 (20.19) 
79 (53.16) 
127 ( 4.72) 
108 (33.33) 
113 (26.55) 
100 (63.00) 
132 ( 8.33) 
94 (23.40) 
89 ( 6.74) 
61 (39.34) 
136 (11.02) 
102 (29.41) 
94 (11.70) 
76 (51.32) 
141 (14.18) 
110 (34.55) 
101 (17.82) 
91 (59.82) 
124 ( 2.41) 
100 (28.00) 
105 (20.95) 
84 (55.95) 
117 (-3.30) 
108 (33.33) 
114 (27.19) 
98 (62.24) 
Oil-cake= 1.983, 
139 (12.94) 
99 (27.27) 
94 (11.70) 
69 (46.38) 
139 (12.94) 
107 (32.71) 
98 (15.31) 
83 (55.42) 
149 (18.79) 
110 (34.55) 
107 (22.43) 
99 (62.63) 
132 ( 8.33) 
103 (30.08) 
108 (23.15) 
93 (60.22) 
129 ( 6.20) 
108 (33.33) 
108 (23.14) 
100 (63.00) 
115 (-4.95) 
83 (13.25) 
94 (11.70) 
54 (31.38) 
119 (-1.68) 
91 (20.88) 
94 (11.70) 
63 (41.26) 
130 ( 6.92) 
99 (27.27) 
94 (11.70) 
71 (47.89) 
110 (-9.09) 
87 (17.24) 
98 (15.31) 
61 (39.34) 
107 (-11.57) 
94 (23.40) 
99 (16.16) 
70 (47.14) 
107 (-11.57) 
94 (23.40) 
98 (15.31) 
66 (43.94) 
114 (-5.78) 
98 (26.53) 
105 (20.95) 
81 (54.32) 
119 (-1.65) 
106 (32.08) 
109 (23.85) 
94 (60.64) 
107 (-11.57) 
95 (24.21) 
107 (22.43) 
80 (53.75) 
107 (-11.57) 
101 (28.71) 
104 (20.19) 
82 (54.68) 
Leaf eitract" 2.347, 
Oil-cake x Ne«Mtode= 3.967, Leaf extract x Nematode^  4.694, 
Oil-cake X Leaf extract" 5.248, Oil-cake x Leaf extract x Net»atode= 10.496. 
Pxo No Leaf extra:t, Haj H. annus 5il/kg soil, Hag H. annus 10«l/kg soil, Tej T. erecta 5«l/kg soil, Teg 
T. erecta lOal/kg soil, Zc| Z. elegans 5el/kq soil, Zeg Z. elegans lOMl/kg soil, Co No Oil cake, Nci Neea 
cake 0.5) N/kg toi l , Ncg Neea cake I.Og M/kg soil, Nci l^stard cake O.Sg N/kg toi l , Mcg Mustard cake l.Og 
N/kg soil, Nto No neutode, Mi M. incoqniia. Rr R. rcniforais. 
Per cent increase/decrease (-) over respective eootrol is indicated in parentheses. 
noted in the treatment receiving higher dose of rieern cake followed 
by higher dose of mustard cake which were statistically at par to 
each other' but significantly superior^ to inoculated untreated 
control (Co+Mi). In case of R,. reniforrnis inoculated plants, 
maximum value was obtained in the treatment with higher dose of 
mustard cake which was significantly superior to all the other 
tr^eatments. In concomitantly inoculated plants, the treatments Ncg 
and Meg r-ecorded higher value and were at par to each other. 
5.4.1.4.2.3 Effect of Leaf Extv-acts 
Plpplication of leaf extracts significantly increased 
nodule number per plant except in the treatment with lower dose of 
Z. eleqans which was at par to control (Pxo). Increased modulation 
in the treatments, higher dose of H. annuus and higher dose of 
T.erecta was at par to each other (Table-5.19). 
On noninoculated plants, application of H.annuus and 
T. erecta extracts significantly increased the nodule number, even 
at lower doses, over control <P>.o+Nto), whereas Z. eleqans at Zeg 
decreased the number significantly. fill the leaf extracts 
significantly stimulated the ncdule formation on M. incognita 
inoculated plants except in the treatment Ze^ -i-Mi where the 
increase was nonsignificant over control (Pxo+Mi). On R. reniformis 
(Rr) inoculated plants higher doses of H.annuus (Hag), T.erecta 
(Teg), and Z.eleqans (Zeg) significantly enhanced the nodulation 
over control (Pxo+Rr). In concomitantly (MiRr) inoculated plants 
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the value at Ze^^+MiRr was at pav l,o concorn L bant inoculated 
untreated control (Pxo-i-Mi Rr) . The efTect of higher dosage<b of 
extracts obtained from H. annuus, T. err-ecta, and Z. el nqans was 
significantly higher than its lower dost^ges, 
-5.A.1.4.£.4 Combined Effect of Oil-Cakes and Leaf Extracts 
Significantly greater nodulat ion was recorded m the 
treatment with higher dosages of T^ . erect a and neern cake combined 
(Te^+Nc^r.) followed by the combination of higher dosages of 
H.annuus and neem cake (Ha^+Nc^) over control (Pxo+Co) (Table-
5. 19). 
Combined application of oil cakes and leaf extracts 
significantly increased the nodulation on nematode infected plants 
over respective inoculated control except m the combination 
Haj:+Ncj_ + Rr where the increase in nodulation was nonsignificant 
when compared with R. r e m form is inoculated untreated control. 
Plants inoculated with M. incoqnita recorded maximum nodulation m 
the treatment Ha^+Nc^+Mi, and minimum IY\ the treatment Haj^+Mc^+Mi. 
In R. rernformis (Rr) inoculated plants maximum increase in 
nodulation was found in the treatment lej^+Mc^+Rr, and minimum in 
the treatment Ha^+Ncj+Rr. Maximum noculation on concomitantly 
inoculated plants (MiRr) was obsev^ved m the two combinations 
Ha^+Mc^+MiRr and Te£.+Mc£+Mi Rr, having similar values, and the 
minimum was observed in Ze^^+Mcj^+Mi Rr. 
The best combinations for nonmoculated plants was 
found to be Ha^+'Nc^+Nto and Te^+Nc^+Nto which increased the nodule 
formation by 18.79 per cent. On M. incoc nita inoculated plants the 
iricrease was 36.28'/. m Ha^+Nc^+Mi ; there was £7,19 per cent 
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increase in R. reni f ovmis inoculated plants in the ti-^ eatrnent 
Te.+|v|cj^ +Ri-^  Qvev respective inoculated untreated controls. The best 
combination for concomitant inoculation in tev^ms of percentage 
increase was found to be Hag+Mcg+MiRr and Teg+Mcg+MiRr where the 
increase was 63.00 per cent. 
5.4.1.4.3 Nematode Multiplication (Rf) 
Results presented in Table-5.£0 and 5. £1 indicated 
that black gram cv.Pant U —19 is a good host for both M. i ncoonita 
and R. reni formis, as they multiplied several folds in untreated 
inoculated controls (Pxo+Co+Mi and Pxo+Co+Rr) . On simultaneously 
inoculated plants the multiplication of each nematode was 
significantly supressed in comparison to single species 
inoculation. The rate of multiplication of M. incognita and R.. 
reni formis was 21.9S and 18. 18, respectively, when inoculated 
singly, but it i^ as suppressed to 16. 11 and 1£.54, respectively, 
when inoculated concomitantly (MiRr). 
5.4.1.4.3.1 Effert of Oil-Cakes 
Pipplication of oil cakes significantly suppressed the 
average reproduc;ion factor (R^) of M. incognita (Table-5.20) and 
E- reniform is (Table-S. £1) . Higher dosages of oil cakes were 
significantly more effective than lower dosages. In general, 
mustard cake was found to be most effective than neem cake against 
!!l" incognita, and nee?m cake against R." reni form is. Effect of lower 
dose of neem ccike (Ncj) on R.- reni form is was at par to that of 
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Table:5.20 Individual and coabined effect of oil-cakes and leaf extracts on Bultiplication (Rf) of 
Heloidoqyne incoowita infectiw) black p'M cv.Pant U-19 in the presence or absence of 
Rotvlenchulus nmifoniis. 
Helianthus annus Tioetes erecta Zinnia eleqans 
Pxo Ha, Hag Te, Tea Ze, Ze, 
CofMi 
Co+«iRr 
21.92 
16.11 
NecB oil-cake 
Ncj+Mi 
Nci+HiRr 
Nc2+Hi 
Ncg+KiRr 
14.26(34.94) 
10.86(32.58) 
10.57(51.77) 
7.97(50.52) 
Mustard oil-cake 
Mci+«i 
Kcj+KiRr 
«C2+»(i 
Mc2+«iRr 
12.84(41.42) 
9.51(40.96) 
8.32(62.04) 
6.21(61.45) 
19.13(12.73) 
13.91(13.65) 
13.33(39.18) 
9.89(38.61) 
9.16(58.21) 
6.77(57.98) 
12.01(45.21) 
8.61 (46.S) 
7.63(65,19) 
5.71(64.35) 
CD. (P(0.05) Ne«atode= 0.2%, 
15.51(29.34) 
11.57(28.18) 
10.71(51.14) 
7.89(51.02) 
7.18(67.24) 
5.33(66.91) 
9.90(54.83) 
7.42(53.94) 
4.76(78.28) 
3.70(77.03) 
17.07(22.12) 
12.47(22.59) 
10.87(50.41) 
8.04(50.09) 
6.76(69.16) 
4.99(69.03) 
9.48(56.75) 
6.79(57.85) 
5.16(76.46) 
3.81(76.35) 
12.97(40.83) 
9.67(39.98) 
, • 
7.40(66.24) 
5.49(65.92) 
4.33(80.25) 
3.32(79.39) 
6.73(69.30) 
4.99(69.03) 
2.38(89.14) 
2.01(87.52) 
Oil-cike= 0.462, 
18.11(17.38) 
1140(16.62) 
11.79(46.21) 
8.80(45.38) 
8.97(59.08) 
6.54(59.40) 
10.50(52.10) 
7.85(51.27) 
6.73(69.30) 
5.00(68.96) 
13.11(38.18) 
10.14(37.06) 
9.95(54.61) 
7.58(52.95) 
6.14(71.99) 
4.73(70.63) 
6.88(68.61) 
5.02(68.83) 
3.91(82.16) 
2.97(81.56) 
Leaf extracts 0.546, 
Oil-cake x Nbnatode= 0.653, 
Oil-cake x Leaf extract^ 1.222, 
Leaf extract x Nei»atode= 0.773, 
Oil-cake x Leaf extracts x Neiatode= 1.728. 
Pxo No Leaf extract, Haj H. annus Sil/kg soil, Ha^  H. annus lOnl/kg soil, Tej X- erecta Sol/kg soil, Teg 
T. erecta lOil/kg soil, Zej Z. eleqans 5«I/kg soil, Zej Z. eleqans lOnl/kg soil, Co Ho Oil cake, Ncj Neem 
cake O.Sg N/kg soil, Ncg Neea cake l.Og M/kg soil, Mc^  Mustard cake 0.59 ^^^9 soil, Mcg Mustard cake l.Og 
N/kg soil, Mi M. incognita. Rr R. rcnifomis. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
T«blaiS.21 Individual and coobined Bffect of oii-cakn and Itaf extracti on Multiplication (Rf) of 
Rotvlenchulus renifomis infecting black grai cv. Pant U-19 in the presence or absence of 
Heloidoovne incognita. 
Htl i»nthus annut TiQttgs erecta Zinnia elecans 
Pxo Ha 1 Haa Te Teo Ze 1 Zej 
Co+Rr 18.18 
Co+«iRr 12.54 
Ne m oil-caks 
Nci+Rr 10.41(42.73) 
Nc|+f(iRr 7.06(43.70) 
16.61 ( 8.63) 
11.6i( 7.41) 
10.06(44.66) 
7.01(44.10) 
14.49(20.30) 
10.06(19.78) 
7.98(56.11) 
5.53(55.90) 
14.38(20.90) 
9.94(20.73) 
8.01(55.94) 
5.44(56.62) 
10.97(39.65) 
7.71(38.51) 
5.62(69.09) 
4.03(67.86) 
15.33(15.67) 
10.58(15.42) 
7.25(60.12) 
4.89(61.00) 
11.46(36.96) 
8.11(35.33) 
5.22(71.29) 
3.65(70.89) 
Ncg+Rr 7.40(59.29) 
Nc2+«iRr 4.96(60.44) 
Mustard oil-cake 
Mci+Rr 12.03(33.82) 
Mci+HlRr 8.62(31.25) 
6.65(63.42) 
4.78(61.88) 
11.60(36.19) 
7.89(37.08) 
5.34(70.63) 
3.73(70.26) 
10.10(44.44) 
7.06(43.54) 
4.97(72.66) 
3.47(72.26) 
10.97(39.66) 
7.69(38.67) 
2.77(84.76) 
2.10(83.25) 
9.44(48.07) 
6.57(47.60) 
4.81(73.54) 
3.62(69.54) 
10.64(41.47) 
7.49(40.27) 
2.71(85.09) 
1.99(84.13) 
7.77(57.26) 
5.46(56.45) 
«C2+Rr 10.13(44.27) 
Mc2+MiRr 7.10(43.38) 
9.22(49.28) 
6.44(48.64) 
8.00(56.00) 
5.38(57.10) 
8.69(52.20) 
6.04(51.83) 
5.74(68.43) 
3.87(69.13) 
7.46(58.97) 
5.24(58.21) 
4.90(73.05) 
3.18(74.64) 
CD. (P(0.05) NetMtode= 0.367, 
Oil-cake X Nematode^  0.822, 
Oil-cake x MBMtode= 1.537, 
Oil-cake= 0.581, Leaf extract" 0.687, 
Leaf extract x Nematodes 0.972, 
Oil-cake x Leaf extract x Neiatode= 2.174* 
Pxo No Leaf extract, Haj H. annus 5al/kg soil, Ha^  K. annus lOnl/kg soil, Te^  T. erecta 5nl/kg soil. Teg 
I* treqti lOnl/kg soil, Zej j[. tlegaivs Sal/kg soil, Ze^  Z. eleaans lOml/kg soil, Co No Oil cake, Nc^  Nee« 
cake 0.5g N/kg soil, Ncg Neea cake l.Og N/kg soil, Hc) Kustard cake O.Sg N/kg soil, Kcg Mustard cake l.Og 
N/kg soil. Mi M. incognita. Rr R. reniforais. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
higher dose of rnustard cake (Mcg)-
5. 4. 1-4. 3. S Effect of Leaf Exti-acts 
Leaf extracts of all the three plants, Helianthus 
annuus, Taget es erect a, arid Z inrria eleqans, as soil drench, 
showed varying degrees of nematotoxic properties against both the 
nematodes. Significantly supressed multiplication (Rf) of M. 
incognita was noted in the soil ti-^ a^bed with both the dosages of 
leaf extracts of all the three plants (Table-5.£0) . With the 
exception of lower dose of H. annuus (Haj^), all the other 
treatments with leaf extracts significantly supppressed Rf values 
of R_. reni form is <Table-5. £1) . Higher dosages of leaf extracts 
were significantly more effective than lower dosages. Leaf 
extracts of T. erecta was significantly more effective than H. 
annuus and Z.. eleqans in isupressing M. incognita multiplication, 
while the leaf extracts of H. annuus were least effective. The 
leaf extracts of T_. erec1:a and Z_. eleqans were more effective 
against R_. reni form is than that of H- annuus, but were at par to 
each other. In concomitant inoculation, though the effect of lower 
dose of Z^. eleqans (Zej^ ) on M. incoqni ta was comparatively better 
than the lower dose of H. e.nnuus (Haj^), but it was at par to each 
other, statistically. Similarly, the effect of Z.. eleqans on R.. 
reniformis, whether present singly or concomitantly, was 
comparatively superior to [\ erecta, but statistically at par. 
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5.4-1.4.3.3 Combined Effect of Oil—Cakes and Leaf Extr^acts 
Combined application of oil-cal-<e and leaf extract was 
more effective than individual application of either of the 
components. Maximum reduction in the average R^ of M- incognita 
was found in the treatment Te=.+Mc:., and minimum m the combination 
Ha;l+Ncj^ (Table-5. £0) . Reduction m the average Rf value of R^. 
r'^Bra formi s was maximum in treatment Te£'+Nc£- which was 
significantly better than all the other treatments, and minimum m 
the combination Ha^^+Mcj^ (Table-5. iBl) . 
Various combinations of plant extracts and oil cakes 
significantly reduced the R^ values of M. incognita and R^. 
r e m form 15 whether present singly or concomitantly, m comparison 
to respective untreated and inoculated controls. Most of the 
combinations caused significant reduction in the Rf values of M. 
incognita and R^. r e m form is when compared with individual 
application of oil cakes amd leaf extracts. On concomitant 
inoculation, reductions in Rp values of M. incognita m the 
combinations, Haj^+Mc^+MiRr, Haj+Nc^+Mi Rr, Hai+Mc^+Mi Rr, 
Ha^+Mc^+MiRr, Zej^+Nc£;+Mi Ri^ j si.rid Zej+Mc^+MiRr were non significant 
when compared with the effects of only oil cakes, but significant 
with the effects of leaf exi.racts, and untreated inoculated 
control (Pxo+Co+MiRr). On concomitant inoculation, significant 
reductions in Rf values of R r e m form is, when compared with 
either oil-cake or leaf ei<tract only, were recorded m 
combinations Te^+Nc j_+MiRr, Ze^+Ncj+MiRr. Te j^+Ncg+Mi Rr, 
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Ze?o+Nco+MiRr, Zeo+Mci+Mi Rr, Te-.+Mco+Mi Rr, Zei+Mco-i-Mi Rr, and 
Zeg+MC£+Mi Rr. 
In combined application, rnaxirnurn reduction in 
multiplication of M. incognita, when inoculated singly (89.14'/-) or 
concomitantly (87.5£'y.), was recorded in the treatment Teg plus 
Mcg. Maximum suppression of R^. reniforrnis, when present singly 
(85.09"/.) or concomitantly (84. 13"/^), was achieved in the treatment 
Ze£ plus Ncg. 
5.4. 1.4.4 Galls 
M. incognita caused severe root galling (£96 per root 
system), when present singly (Mi). There was, however, 
significantly lower galling (£10) in presence of R.. reni form is 
(MiRr) (Table-5.££). 
5.4.1.4.4.1 Effect of Oil-Cakes 
Soil amended with various dosages of oil cakes 
significantly suppressed the numbe.'r of galls per plant. The 
suppressive effect was dose de'pendent and statistically 
significant. The effect of mustard cake (Mc) was significantly 
higher than neem cake (Nc) (Table-5.£2). 
5.4.1.4.4.2 Effect of Leaf Extracts 
Leaf extracts applied in both the dosages 
significantly reduced the galls per plant. Higher dosages were 
significantly more effective than lower ones. Leaf extracts of T. 
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Tablei5.22 Individual and coabined effect of oil-cakes and leaf extracts on gall fonution of of black gran 
cv. Pant I M 9 infected with Weloidocvrg incognita in the piescTce or absence of Rotylenchulus 
rwifomii. 
Helianthus annus Taqgtcs erecta Zinnia eleqans 
Pxo Ha, Haa Te, Tea Ze, Ze, 
Co+Mi 
Co+HiRr 
296 
210 
NeeH oil-cake 
Nci+Xi 
Nci+Mifir 
Nc2+*li 
Nc2+«iRr 
Mustrad oi 
Mci+Hi 
Mci4«iRr 
Mcg+Mi 
Mca+HiRr 
201(32.09) 
1A6(30.A7) 
156(47.29) 
112(46.67) 
ll-cake 
184(37.83) 
129(38.57) 
120(59.46) 
89(57.62) 
272 ( 8.10) 
187(10.95) 
188(36.48) 
132(37.14) 
133(55.06) 
97(53.81) 
176(40.54) 
119(43.33) 
110(62.83) 
83(60.48) 
CD. (P<0.05) Neiutodp: 2.883, 
223(24.66) 
158(24.76) 
152(48.64) 
106(49.52) 
104(64.86) 
79(62.38) 
143(51.68) 
101(51.90) 
74(75.00) 
54(74.28) 
231(21.%) 
172(18.09) 
158(46.62) 
110(47.61) 
98(66.89) 
73(65.24) 
136(54.05) 
98(53.33) 
81(72.63) 
58(72.38) 
Oil-cake= 3.610, 
184(37.84) 
130(38.09) 
117(60.47) 
76(63.61) 
69(76.68) 
53(74.76) 
98(66.89) 
70(66.66) 
39(86.82) 
31(85.23) 
245(17.22) 
176(16.19) 
165(44.26) 
119(43.33) 
130(56.08) 
94(55.23) 
147(50.34) 
%(54.29) 
98(66.89) 
73(65.23) -
207(30.07) 
145(30.95) 
143(51.69) 
103(50.95) 
87(70.60) 
66(68.57) 
102(66.54) 
68(67.62) 
57(80.74) 
44(79.04) 
Leaf extracts 4.271, 
Oil-cake x Nenutode= 5.105, 
Oil-cake x Leaf extract= 9.551, 
Leaf extract x Nematode^ 6.040, 
Oil-cake x Leaf extract x Nefijatode= 13.507 
Pxo No Leaf extract, Haj H. annus 5il/kg soil , Hag "• annus lOwl/kg soi l , Tej T. erecta Sul/kg soi l , 
L electa lOal/kg so i l , Ze^  Z. elegans 5«l/kg soi l , Ze^ Z. eleqans lOwl/kq soi l , (^ No Oil cake, 
Neen cake 0.5g N/kg soi l , Ncg Neei cake l.Og N/kg so i l , Mcj Nustard cake 0.5g N/kg soi l , Mcg Mustard 
l.Og N/kg soi l , Mi M. incognita. Rr R. renifomis. 
Per cent decrease over respective inoculated is indicated in parentheses. 
T«2 
Nci 
cake 
ei-'ecta was significantly more effective than leaf extracts of 
other plants, and that of H. annuus was least effective (Table— 
5. ££), 
5.4.1.4.4.3 Combined Effect of Oil—Cake and Leaf Extract 
Reduction in galls per plant was significantly more in 
oil cake arnrnended soil than leaf extracts. The combined effect of 
leaf extracts plus oil cake caused significantly higher reduction 
in gall formation of M. incognita than caused by either of them 
alone, except with the combinations Haj^+Ncj_+Mi, Ha^+Mci+Mi and 
Haj+Mcg+Mi. 
In the treatment with combined application of higher 
dosages of T.erecta leaf extracts and mustard cake (Teg+Mcg), 
reduction in galls per plant was significantly greater than all 
other combinations causing 86. a£'"/. (single species inoculation) and 
Q5. £3'/. (concomitant inoculation) in comparison to untreated 
inoculated controls. Whereas, the treatment with lower dosages of 
H. annuus leaf extract plus neern cake (Haj^+Ncj) caused lowest 
reduction in galling on single species (3&. A&'A) as well as on 
concomitant (37.14"/.) inoculations. 
5.4.1.5 With Oil-Cakes and Inorganic Fertilizers 
5.4.1.5.1 Plant Growth 
5.4.1.5.1.1 Effect of Nematodes 
Meloidoqyne incognita (Mi) and Rotylenchulus 
reni form is (Rr), whether present singly or concomitantly (MiRr) 
17£ 
cauEied si gni f 3 cant (P<0.05) v^educt ion an the yrowth of black gram 
cv. Panb U-19, in comparison to uninoculated control (Nto). TUB 
growth of concorni bant ly (MiRr) inoculated plants was significantly 
suppressed as cornpav^ ed to singly inoculated plants, (Table-5. S3) . 
M. incognita caused higher growth reduction (53. 11"/-) than R. 
r e m form] s (i25. GSy.) , and the two together caused greater reduction 
(58.56'/) than the sum total caused by a single species. 
5.4.1.5.1.2 Effect of Oil-Cakes 
In oil cake amrnended soils, with the exception 
of lower dose of mustard cake (Mcj), the plant growth was 
significantly enhanced, m comparison to those grown m unamended 
soils (Co) (Table-5. £3) . Increasing doses of oil-cakes 
correspondingly improved the p3ant growth significantly. Plants 
grown m mustard cake amended 'ioils showed comparatively better 
growth response than those growri in neem cake amended soils. 
Soil application cf either of the oil-cakes at the 
higher dosages (Nc^ »^''d Mc^ .) siijni f icant ly increased the growth of 
M. incognita and Ri_ rem form s inoculated plants. In case of 
concomitantly inoculated plants significant improvement was 
achieved even at the lower dosaces of oil-cakes when compared with 
inoculated control (Ncj and Nc^) . 
Maximum improvement in the growth of M. 
incognita and concomitantly irioculated plants was achieved at 
higher doses of mustard cake ^Mc3> , and that of Rj^ reniformis 
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Table:S.iS3 Individual and coabined e f fec t of o i l - cakes and inorganic f e r t i l i z e r s on dry shoot Height of black 
jra« cv. Pant IH19 infected with tteloidogyne incognita and Rotylenchulm ren i fomjg . 
Nitrogen Phosphorus Potassim 
Fo 
Co+Nto 5.14 
Co+Mi 3.5* (-33.12) 
Co+Rr 3.82 (-25.68) 
Co+MiRr 2.13 (-56.56) 
Nee« o i l - cake 
Nci+Kto 5.76(10,76) 
Nci+*(i 4.06 (12.80) 
Nci+Rr K¥> (13.96) 
Nci+KiRr 3.31 (35.64) 
'1 "2 
6.35 (19.05) 
4.45 (20.44) 
4.69 (18.55) 
3.92 (45.66) 
6.32 (18.67) 
4.61 (23.21) 
4.98 (23,21) 
4.24 (49.75) 
7.03 (27.09) 
5.21 (32.05) 
5,54 (31.04) 
4.61 (53.79) 
6.36 (19.18) 
5.23 (32.31) 
5.74 (33,44) 
4.59 (53,59) 
"^1 K 
5.81 (11.53) 
4.42 (19.90) 
4.10 ( 6.62) 
3.41 (37.53) 
6.04 (14.90) 
4.58 (22.70) 
4.76 (19.74) 
4.12 (48.30) 
1 Ko 
6.39 (19.56) 
5.20 (31.19) 
4 . % (22.98) 
4.21 (49.40) 
6.26 (17.89) 
5.20 (31.92) 
5.29 (27.78) 
4.51 (52.77) 
6.10 (15.73) 
4.21 (15.91) 
4.36 (12.38) 
3.38 (36.98) 
5.66 (12.28) 
4.70 (24.68) 
4.61 (20.58) 
4.41 (51.70) 
6.73 (2J.63) 
5.06 (30.31) 
5.44 (29.77) 
4.56 (53.28) 
6. OB (15.46) 
5.03 (29.62) 
5.37 (26.86) 
4.77 (55.34) 
Ncg+Nto 
Ncg+Mi 
Nc2+Rr 
Nc2+«iftr 
Nustard oi 
Mci+Nto 
«ci+«i 
Mcj+Rr 
Mci+*liRr 
6.16 (16.82) 
4.39 (19.39) 
4.85 (21.23) 
4.04 (47.27) 
1-cake 
5.84 (11.98) 
4.32 (16.06) 
4.21 ( 9.25) 
3.26 (34.66) 
Mc2+Nto 6.26 (17.89) 
Mc2++li 4.81 (26.40) 
tlcg+Rr 4.59 (16.77) 
Mc2+«iRr 3.91 150.34) 
6,36 (19.18) 
5.02 (29.62) 
5.57 (31.41) 
4.79 (55.53) 
6.17 (16.69) 
4,64 (23.70) 
4.78 (20.08) 
4.32 (50.69) 
6,57 (21.76) 
5.59 (36.67) 
5.97 (36.01) 
5.12 (56,39) 
6,38 (19.18) 
5.29 (33.08) 
5.61 (31.90) 
4.63 (53.99) 
6.19 (16.%) 
4.86 (27.16) 
5.21 (26.67) 
4.65 (54.19) 
5.86 (12.28) 
4.58 (10.89) 
4.32 (11.57) 
3.97 (46.34) 
6.56 (21.64) 
5.34 (33.70) 
5.81 (34.25) 
4.92 (56.70) 
6.02 (14.61) 
5.23 (32.31) 
5.06 (24.80) 
4.37 (51.25) 
6.19 (16.96) 
4.89 (27.60) 
4.98 (23.29) 
4.69 (54.58) 
6.56 (21.64) 
5.28 (32.95) 
5.37 (28.66) 
5.19 (58.95) 
5.98 (14.04) 6.21 (17.23) 
4.89 (27.60) 5.14 (31.12) 
4.64 (17.67) 5.44 (29.77) 
4.37 (51.25) 4.65 (54.19) 
6,32 (16.67) 6,84 (24.85) 5.95 (13.61) 6.26 (17.89) 6.11 (15.67) 6.49 (20.80) 
5.23 (32.31) 5.51 (35.75) 4.85 (27.01) 5.39 (34.32) 5.26 (32.69) 5.62 (37.01) 
5.32 (26,19) 5.76 (33,68) 4.63 (17.44) 5.20 (26.53) 5.42 (29.52) 5.89 (35.14) 
4.87 (56.26) 5.12 (56,39) 4.54 (53.08) 4.81 (55.71) 4.64 (54.09) 4.9B (57.22) 
J.D. (P(0.05) Nematode= 0.165, Oil-cake= 0.164, Inorgjnic fert i l izers 0.218, 
Oil-cake x Nematode^ 0.368, Inorganic ferti l izer x Ne«atode= 0.436, 
Oil-cake x Inorganic fertil izers 0.487, Oil-caVe x Inorganic ferti l izer x Netatode= 0.975 
Fo No Inorganic ferti l izer, Nj Nitrogen 0.05 g /Kg soi l , Kg Nitrogen 0.10 g N/Kj soil , Pj Phosphorus 0.12 
g P/Kg io i l , Pg Phosphorus 0.24 g P/Kg soil , Kj Potassium 0.03 g K/Kg soil . Kg Potassium 0.06 g K/Kg soi l , 
Co No Oil cake, Ncj Neen cake 0.5 g N/Kg soil , Ncg Nee« cake 1.0 g N/Kg soil , flc^  Mustard cake 0.5 g N/Kg 
soi l , Meg Mustard cake 1.0 g N/Kg soi l , Nto No nematode, Mi «. ircopnita. Rr R. renifomis. 
Per cent increase / decrease (-) over respective control i s indicated in parentheses. 
inoculated plants at higher doses of neern cake (Ncg) -
5.4.1.5.1.3 Effect of Inorganic Fertilizers 
The general response of inorganic fetilizers on 
overall plant growth was beneficial. Inorganic fertilisers, with 
the exception of lower dosages of phosphorus <P^) and potassium 
<.\<l) , significantly improved the growth of uninoculated plants 
(Nto). The growth of ML_ incognita (Mi) and concomitantly (MiRr) 
inoculated plants was significantly improved in all the treatments 
of inorganic fertilisers, fill the treatments, excepting lower dose 
of phosphorous (Pi)> significantly enhanced the growth of R. 
reni formis (Rr) inoculated plants. The effect of inorganic 
fertilizers on the growth of M_-_ incognita and R^ reni f ormis 
inoculated plants was at par. When the effect of concomitant 
inoculation (MiRr) was compared with either of the nematode 
inoculated plants, a significant difference was encountered in 
most of the treatments (Table-5.£3). 
5.4-1.5.1.4 Combined Effect of Oil—Cake and Inorganic Fertilizers 
Increase in the plant growth at high=r dose of 
nitrogen without oil-cake was significantly more than at higher 
dose of oil—cake in the absence of inorganic fertilizer. When 
inorganic fertilizer's were combined with oil-cakes i'-i different 
combinations, maximum improvement in plant growth was achieved in 
the treatments with higheer dose of nitrogen plus higher dose of 
neern cake (N^+Ncg) and higher dose of nitrogen plus hicjher dose of 
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rnustav^ d cake (Ng+Mcg) ; the lowest value was noted in the 
ti-eatrnent with lower dosages of phosphorous plus mustard cake 
combined ( Pi^-i-tAc-^) (Table-5. £3) . 
Various combinations of oil-cakes and inorganic 
fertilisers significantly increased the plant growth of M. 
incognita (Mi) and concomitantly (MiRr) inoculated plants, over 
respective inoculated untreated controls (Fo-'-Co+Mi, Fo+Co+MiRr). 
On the other hand, significantly improved growth of R.. reri i form i s 
infested plants was recorded in all the treatments except in 
Ncj^ + Pj^, Mcj^+Nj^, Mcj^+Kj, and Mcg + Pj^, in comparison to R. reniformis 
inoculated untreated control (Fo+Co+Rr). Higher dose of potassium 
(Kg) combined with either of the neem cake dosages <Hc^ or Ncg) 
had the same effect on R, reni formis inoculated plants (Rr). 
5.4.1.5.2 Nodulation 
5. 4. 1.5. S. 1 Effect of Nematodes 
ft significant decrease in nodulation was noted in 
nematode inoculated plants (Table-5.£4). Reduction in nodulation 
was significantly greater in concomitant inoculation than either 
of them, individually. The reduction in nodulation was 68.75 per 
cent in concomitant inoculation, and 39.£S and 31.25 per cent in 
M. incognita and R. reniform is inoculated plants, respectively. 
5-4.1.5.2.2 Effect of Oil-Cakes 
Oil-cake amendments caused variable effects on 
nodulation (Table-5.£4). Significant increase in nodulation was 
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TableiS.24 Individual and coabined e f fec t of o i l - cakes and inorganic f e r t i l i z e r s on nodulation of black graa 
cv.Pant U-19 infected with teloidoavrw incognita and (totylenctiulus r e n i f o m i s . 
Nitrogen Phophorus Potassiua 
Fo 
Co+Nto 
Co+Mi 
Co+Rr 
Co+Mi Rr 
112 
68 
77 
35 
Nee« o i l -cake 
Nci+Nto 
Nci+«i 
Ncj+Rr 
Ncj+^iRr 
Ncg+No 
Nc2+»(i 
Ncg+Rr 
Ncg+WiRr 
117 
77 
8A 
51 
123 
89 
101 
79 
Hustard o i l - cake 
Mci+Ho 
Mci+Mi 
Mci+Rr 
Hci+<1iRr 
Mcg+No 
Mc2+t(i 
Mc2+Rr 
Mcg+HiRr 
CO. (P(0.05) 
106 
78 
84 
53 
% 
89 
94 
77 
(-39.28) 
(-31.25) 
(-68.75) 
( A.27) 
(11.68) 
( 8.33) 
(31.37) 
( 8.94) 
(23.59) 
(23.76) 
(55.69) 
(-5.35) 
(12.82) 
( 8.33) 
(33.96) 
(-14.28) 
(23.59) 
(18.06) 
(54.54) 
Neraatode= 
139 
80 
(19.42) 
(15.00) 
69 (13.48) 
59 
117 
60 
87 
59 
127 
85 
94 
73 
130 
83 
80 
58 
133 
92 
98 
71 
1.585, 
(40.67) 
( 4.27) 
(15.00) 
(11.49) 
(40.67) 
(11.81) 
(20.00) 
(18.06) 
(52.05) 
(13.84) 
(18,07) 
( 3.75) 
(39.65) 
(15.78) 
(26.06) 
(21.42) 
(50.70) 
158 (29.11) 
94 
101 
87 
124 
64 
93 
70 
135 
91 
% 
85 
136 
87 
83 
63 
141 
% 
93 
81 
(27.65) 
122. 76) 
(59.77) 
( 9.67) 
(19.04) 
(17.20) 
(50.00) 
(17.03) 
(25.27) 
(19.79) 
(58.62) 
(17.64) 
(21.83) 
( 7.22) 
(44.44) 
(20.56) 
(29.16) 
(17.20) 
(56.79) 
Oil-cike= 
129 (13.17) 
80 (15.00) 
79 ( 2.53) 
50 (30.00) 
109 ( 2.67) 
80 (15.00) 
89 (13.48) 
61 (42.62) 
119 ( 5.88) 
86 (20.93) 
98 (21.42) 
75 (53.33) 
115 ( 2.60) 
79 (13.92) 
78 ( 1.28) 
51 (31.37) 
121 ( 7.43) 
85 (20.93) 
83 ( 7.22) 
61 (42.62) 
1.772, 
135 (17.03) 
96 (29.16) 
93 (17.20) 
76 (53.94) 
115 ( 2.60) 
83 (18.07) 
94 (18.08) 
69 (49.27) 
126 (11.11) 
89 (30.88) 
103 (25.24) 
65 (58.82) 
122 ( 8.19) 
84 (19.07) 
62 ( 6.09) 
59 (40.67) 
125 (10.40) 
95 (28.42) 
92 (16.30) 
84 (58 33) 
132 
76 
(15.15) 
(10.52) 
85 ( 9.41) 
56 
107 
84 
86 
61 
116 
81 
87 
58 
121 
85 
82 
59 
131 
93 
88 
71 
(37.50) 
( 4.46) 
(19.07) 
(10.46) 
(42.62) 
( 3.44) 
(16.04). 
(11.49) 
(39.65) 
( 7.43) 
(20.00) 
( 6.09) 
(40.67) 
(14.50) 
(26.88) 
(12.50) 
(50.70) 
Inorganic f e r t i l 
141 
92 
96 
83 
114 
87 
94 
74 
128 
92 
98 
71 
129 
89 
86 
66 
139 
102 
97 
89 
izer= 
(20, 5B) 
(26.08) 
(21.42) 
(57.83) 
( 1.75) 
(21.83) 
(18.08) 
(52.70) 
(12.50) 
(26.08) 
(21.42) 
(50.70) 
(13.17) 
(23.59) 
(10.46) 
(46.96) 
(19.42) 
(33.33) 
(20.61) 
(60.67) 
= 2 .097, 
Oil-cake x Nematodes 3.545, Inorganic f e r t i l i z e r x NeBatode= 4.194, 
Oil-cake x Inorganic f e r t i l i z e r s 4.669, Oil-cakes x Inorganic f e r t i l i z e r s x Neeatode= 9.379 
Fo No Inorganic f e r t i l i z e r , Nj Nitrogen 0.05 g N/Kg s o i l , H^ Nitrogen 0.1 g N/Kg s o i l , Pj Phosphorus 0.12 g 
P/Kg s o i l , Pg Phosphorus 0.24 g P/Kg s o i l , Kj Potass iui 0.03 g K/Kg s o i l , Kg Potassium 0.06 g K/Kg s o i l , (x) No 
Oil cake, Ncj Neera cake 0 .5 g N/Kg s o i l , Ncj Nee* cake 1.0 g N/Kg s o i l , Mci Hustard cake 0.5 g N/Kg s o i l , Mcg 
Mustard cake 1.0 g N/Kg s o i l , Nto No ne«atode, Ni K. incognita, Rr R. r e n i f o r i i s . 
Per cent increase/decrease (-) over respect ive control i s indicated in parentheses. 
observed uridG>r bhe inFluence of higher" dosages, Q S compared to 
control. Dddntion of higher dosages of either neern cake (Nc^) or 
mustard cake <r'1c£;) B (.gnif icant ly increased the number of nodules 
on nematode infected plants. 
5.4. 1.5. £.3 Effect of Inor-ganic Fertilizers 
Inorganic f ert 111 z:ers were found beneficial in 
mcv^easing the number of nodules, significantly, with the 
exception of lower dose of phosphorus (P;^). Higher dosages of 
inorganic f ert 111 :::ers N^^ ., P^, K^) significantly increased the 
number of nodules on nematode infected plants <Table—5.£4). In 
concomitant inoculation (MiRr) even the lower dose of nitrogen 
(Nj^ ) was found significantly beneficial in increasing nodule 
number- Increase m nodulation was significantly more m Rr 
infected plants than Mi infected plants at Nj_. 
5.4. 1.5.£.4 Combined Effect of Oil—Cake and Inorganic Ferti 1 ize»~s 
When nitrogen was applied at a higher dose (Ng), m 
the absence of oilcake <Co), the nodule number obtained was 
significantly greater than the control. In the presence of oil 
cake, highest nodule number was achieved in the treatment Mc^+K^, 
followed by Mc^+N^ <Table-5.£4). 
Various combinations of inorganic fertilizers plus oil 
cakes significantly enhanced the nodule number on nematode 
inoculated plants, over inoculated untreated control. Increase in 
nodulation ori M. incognita (Mi) inoculated plants, in the 
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combinations of higher dosages of inorganic fertilizers and oil-
cakes over lower dosages was found significant in some treatments 
viz., No+Nco, No+Mco, Po+Mco, and Ko+Mco. Significant increases in 
nodulation in the combinations of higher dosages or\ R. reniformis 
(Rr) inoculated plants, over the combinations of lower dosages, 
were found in all the treatments except in Ng+Ncg which was at par 
to Nj-i-Nci. On the other hand, in concomitant inoculation (MiRr) 
similar results were noted in all the combinations. 
Best combination for M.incognita (Mi) inoculated 
plants was found to be Kg+Mcg, causing 33.33 per cent (maximum) 
increase in nodulation, while for R.reniformis (Rr) inoculated 
plants it was Pg+Ncg causing £5.£A per cent (maximum), over 
respective inoculated controls whereas on concomitantly inoculated 
(MiRr) plants, application of Kg+Mcg greatly enhanced nodulat ions. 
(60.67-/.) (Table-5. £4) . 
5.4-1.5.3 Nematode Multiplication (Rf) 
In combined inoculation, the multiplication of each of 
the nematode was supressed and the reproduction factor (R^) 
significantly decreased from that of single species inoculatior 
(Table-5. £5 and 5.£6). The Rf values for Mi and Rr were ££.70 and 
18.74 times, respectively, in single species inoculations, and 
15.45 and 13.67 times, respectively, in comcomitant inoculation. 
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TablBi5.25 Individual and coabined effect of oil-cakes and inorganic fertilizers on Bultiplication of 
Meloidogyrje incognita infecting black grai cv.Pant U- 19 in the presence or absence of 
Rotylenchulus renifomts. 
Co+Xi 
Co+MiRr 
Fo 
22.70 
16.45 
Neea o i l - cake 
Nci-mi 
Nci+»liRr 
Nc2+<1i 
Ncg+^iRr 
14.74(35.06) 
U.00^33.12) 
11.12(51.01) 
8.10(50.75) 
Mustard o i l - cake 
Mci+«i 
Mcj+MiRr 
Mc2+Mi 
Mc2+«iRr 
13.00(42.73) 
9.74(40.79) 
8.70(61.67) 
6.30(61.70) 
CD. (P<0.05) Ne(Mtode= 
Nitrogen 
Nl 
19.28(15.06) 
14.27(13.25) 
13,11(42.24) 
9.35^33.511 
10.09(55.55) 
7.36(55.25) 
11.30(50.22) 
8.44(48.69) 
8,06(64.49) 
6.01(63.46) 
•• 0.756, 
«2 
16,25(28,41) 
12.17(26.01) 
11.01(51.49) 
6,20^50.15) 
8,95(60.57) 
6,73(59.08) 
8.10(64.31) 
6.11(62.85) 
6.22(72.59) 
4.73(71.24) 
Oil 
Phosphorus 
"l 
19.34(14,80) 
14.44(12.21) 
13.58(40.17) 
10.32^37.26) 
10.66(53.03) 
7.73(53.00) 
12.11(46.65) 
8,58(47.84) 
8.31(63.39) 
6,11(62,85) 
-C4kt= 1,239, 
"2 
16.25(28.41) 
12,27(25.41) 
11.19(50,70) 
6,43(48.75) 
9.14(59.73) 
7.08(56.%) 
9.10(59.91) 
6.67(59.45) 
6.54(71.18) 
4.87(70.39) 
Potassiua 
Xl 
20.11(11.40) 
14.98( 8.93) 
13.82(39.11) 
10.47(36.35) 
10.94(51.80) 
7.90(51.97) 
12.70(44.05) 
9.18(44.19) 
8.54(62.37) 
6.22(62.18) 
Kg 
18.22(19.73) 
13.22(19.63) 
11.96(47.31) 
9.0U45.e2) 
10.10(55.50) 
7.32(55.50) 
10.01(55.90) 
7.28(55.74) 
7.40(67.40) 
5.28(67.90) 
Inorganic fertilizer= 1.457, 
Oil-cake X NBmatode= 1.756, Inorganic fertilizer x Nematode= 2.078, 
Oil-cake x Inorganic fertilizer= 3,078 Oil-cake x Inorganic fertilizer x Mefatode= A.651 
Fo No Inorganic fertilizer, Nj Nitrogen 0.05 g N/Kg soil, f^ Nitrogen 0.1 g N/Kg soil, Pj Phoshporus 0.12 
g P/Kg soil, Pg Phosphorus 0.24 g N/Kg soil, Kj Potassiua 0.03 g K/Kg soil. Kg Potassium 0.06 K/Kg soil, Co 
No Oil cjke, Ncj Nee« cake 0.5 g N/Kg soil, Meg Nee* cake 1.0 g N/Kg soil, Hcj Mustard cake 0.5 g N/kg soil, 
Mcg Mustard cake l.Og N/Kg soil, Mi M. incognita. Rr R. rcnifonis. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
TablciS.26 Individual and coabined tffect of oil-cakn and inorganic fertilizers on miltiplication (Rf) of 
Rotylenchulut renifoniia inficting black graa cv. Pant U-19 in hte presence or abseree of 
Heliodoovne incognita . 
Nitrogen Phosphorus Potassiue 
Fo 
"1 «2 "1 
Co+Rr 18.74 
Co+MiRr 13.67 
Nc«i oil-cake 
Ncj+Rr 10.86(Aa.O*) 
Nci+«iRr fl. 18(W.16) 
15.09(19.*7) 
11.19(ia.U) 
8.51(54.58) 
6.56(52,01) 
12.39(33,68) 
9.3*(31.67) 
7.10(62.11) 
5.40(60.49) 
16.91 ( 9.46) 
12.43{ 9.07) 
10.74(42.68) 
7.93(41.98) 
14.07(24,91) 
10,66(22,01) 
8.55(54,37) 
6.57(51,93) 
K 
15.86(15.36) 
11.69(14.48) 
9.70(48.23) 
7.34(46,30) 
13,14(29.88) 
10.06(26.40) 
7.69(58.96) 
5,76(57,86) 
Ncg+fir 7,54(59,76) 
Nca+Miflr 5.50(59,76) 
Mustard oil-cake 
Mci+Rr 12.38(33,93) 
Mcj-fKiRr 9,30(31,96) 
6.43(65,68) 
4,77(65,10) 
10.18(45.67) 
7,90(42.20) 
5.89(68.56) 
3,95(71.10) 
7.%(57,52) 
6,32(53,76) 
7,44(60.29) 
5,41(60,42) 
6,55(65,04) 
4.79(64,95) 
7.01(62.59) 
5,03(63.20) 
11.97(36.12) 10.07(46.26) 10.84(42.15) 
8.85(35.25) 7.74(43.37) 8.21(39,94) 
6,28(66.48) 
4.56(66.64) 
8,59(54,15) 
6.90(49.52) 
Mcg+Rr 10,46(44.18) 
Mcg+KiHr 7.62(44,25) 
8.19(56.29) 
6.26(54.20) 
5.76(69.26) 
4.30(68.54) 
10,17(45.73) 
7,53(44.91) 
8.32(55,60) 
5.94(56.54) 
8.97(52.13) 
6.81(50.18) 
6.91(63,12) 
5.09(62,76) 
CD, (P<0,05) NetMtode= 0,312, Oil-cake= 0.492, Inorginic fertilizers 0.583, 
Oil-cake x Nenutode^  0.700 Inorganic fertilizer x Neiiatode= 0,829, 
Oil-cake x Inorganic fertilizer* 0,231 Oil-cake x Inorganic fertilizer x Nematcxles 1,856 
Fo No Inorganic fertilizer, Nj Nitrogen 0.05 g N/K| soil, Njj Nitrogen 0.1 g N/Kg soil, Pj Phosphorus 0,12 
g P/Kg soil, Pg Phosphorus 0.24 g P/Kj soil, Kj Potassiu* 0,03 g K/Kg soil. Kg Potassium 0.06 g K/Kg soil, 
Co No Oil cake, Ncj Nee« cake 0.5 g N/K) soil, Nc^  Nee* cake 1.0 g N/Kg soil, Mcj Mustard cake 0,5 g N/Kg 
soil, Ncg Hustard cake 1,0 g N/Kg soil. Mi K incottnita, Rr R, remforals. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
5.4.1.5.3.1 Effect of Oil-CakeB 
fill the treatments with oil cakes showed nernat icidal 
effects ori both the nematodes, as the average rates of 
reproduct iori <Rf) for M. incogriita (Table-5. £5) and R.. reni form is 
(Table-5.£6) were significantly supressed. In general, mustard 
cake was significantly more effective than neem • cake against 
M. incognita while neem cake was significantly more toxic to 
R.reni form is than mustard cake. Maximum reduction in Rf value of 
M. incognita. whether present singly (61.67"/.) or concomitantly 
(G1.70"/) was observed in Mcg, and that of R_. reni form is (59. 75"/i) 
in single as well as concomitant inoculation in Ncg. 
5. 4. 1.5. 3. £ Effect of Inorganic Fertilizers 
Application of inorganic fertilizers showed 
nematotoxic properties against both the pathogens, M. incognita 
(Table-5.£5) and R. reni formi s (Table-5.£6) . Significantly lowered 
Rf values for M. incognita were noted in soils amended with 
higher dosages of inorganic fertilizers in relation to control. 
The effect of nitrogen, phosphorus and potassium on the 
populations (R^) of M. incognita were at par to each other. 
Reduction in average population (Rf) of R^. reni form is was 
significant in all the treatments except in the treatment with low 
level of phosphorus (Pji). 
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5.4-1-5.3.3 Combined Ef-fect of Oil—Cakes and Inorganic 
Fertilizers 
The effects of oil cakes were significantly more 
pronounced than inorganic fertili::ers on the average Rf values of 
M. incognita (Table--5. £5) and R^. r e m form is ( Table—5. 2&) . When 
inorganic fertilisers were mixed with oil cakes m different 
combinations, there was a significant reduction in the average Rf 
values of M. incognj ta as well as R.. r e m form is, irrespective of 
mode of application, when compared with control. Maximum reduction 
m the average Rf value of M. 3 ncoqnita was recorded m the 
treatment with higher dosages of mustard cake plus nitrogen 
<Mc£N£.) which significantly differed from untreated control as 
well as from the treatment with individual application of higher 
dose of nitrogen. Maximum reduction in the Rf value of 
R. r e m form is was recorded m the treatment with higher dosages of 
neem cake and nitrogen combined (Nc^+N^) and minimum in the 
treatment with lower dosages of mustard cake and potassium 
cofnbined (Mc^+Kj). Whereas, minimum reduction in Rf value of 
M.incognita was observed in treatment with lower dose of neem cake 
combined with lower dose of nitrogen (Ncj+Nj) in relation to 
control (Co+Fo). 
Maximum reduction m the Rf value of R.. r e m form is 
whether present singly or concomitantly was noted m the treatment 
Nc^+N-. (S8.5S'/. Rr, 71. lO"/- MiRr) followed by Mc^+N^ (69.26:^ Rr, 
68.54/. MiRr) N C D + K D (66.48-/- Rr, 56, 64-/ MiRr) Ncp+P-. (65. 04-/, 
179 
Rr, 6-^1. 94'/. MiRr) and Mc^+K^ (63. 1£'/. Rr, 6£. 76-/. MiRr) which were 
statistically at par to each other, but significantly different 
from inoculated untreated controls. Whereas minimum reduction was 
noted an Mc^+Pi < 5&. !£-/. Rr, 35. £5"/- MiRr) followed by Mcj^+K^ 
(42. ISy. Rr, 39.94"/. MiRr) which were statistically at par but 
significantly different from inoculated untreated controls. On the 
other hand, maximum reduction m the population of M. incoqnita on 
individually (Mi), as well as concomitantly inoculated (MiRr) 
plants was obtained m the treatment Mc^+IM^ (7c.'. 597<i Mi, 71. £45^ 
MiRr) followed by Mc=.+P:. (71.18-/. Mi, 70.39'/. MiRr) and Mc-.+Ko 
(67.40% Ml, 67. 90y. MiRr); the values were at par to each other but 
statistically significant to respective inoculated untreated 
controls (CoFoMi, CoFoMiRr). The minimum supression of M.incognita 
population was recorded m combination Ncj^ +Kj^  (39. ll"/4 Mi, 36.35'/ 
MiRr) followed by Nc^ + Pj (40.17-/. Mi, 37. a6'/. MiRr) and Nc^+Nj^ 
(4c.. £4"/. Ml, 39.51"/ MiRr) , these values were at par but were 
significantly less than CoFoMi and CoFoMiRr, respectively. 
5.4. 1.5.4 Galls 
M. incognita caused severe galling (329 galls) on the 
roots of black gram cv. Pant U-19, when present alone. However, 
the galling (233) was significantly less in the presence of R. 
r e m form IS (Table-5. £7) . 
5-4.1.5.4-1 Effect of Oil-Cakes 
Soil amended with oil-cakes significantly supressed 
ISO 
Tablets.27 Individual and coabined effect of oil-cakes and inorganic f^tilizers on gall forution of black 
graM cv. Pant l>-i9 infected Hith Weloidocywe jncognita in ths prtsence or absence of ttotvlenchulw 
renifomii. 
Nitrogen Phosphorus Potasiiua 
Fo 
Co+«i 323 
Co+MiRr 233 
Neeti oil-cake 
Ncj+Ki 221(32.82) 
Nci+*liRr 162(30. *7) 
N 
289(12.15) 
205(12.01) 
195(40.72) 
1A6(37.33) 
'I K 
244(25.B3) 
176(24.46) 
156(52.58) 
118(49.35) 
295(10.33) 
209(10.30) 
206(37.38) 
150(35.62) 
244(25.83) 
181(22.31) 
171(A8.02) 
123(47.21) 
301( 8.51) 
215( 7.72) 
211(35.86) 
162(30.47) 
Ka 
270(17.93) 
191(18.02) 
185(43.76) 
131(43.77) 
Nc2+«i 174(A7. U) 
Nci+t(iRr 125(46.35) 
Mustrad oil-cake 
Mcj+Hi 205(37.68) 
Mci+«iRr 144(38.19) 
Kc^m 136(58.66) 
Mcg+HiRr 98(57.93) 
148(55.01) 
107(54.07) 
169(48.63) 
122(47.63) 
117(64.43) 
84(63,94) 
131(60.18) 
95(59.22) 
1I7(&4.43) 
87(62.66) 
%(70.e2) 
67(71.24) 
156(52.58) 
112(51.93) 
176(46,50) 
127(45.49) 
122(62.91) 
88(62.23) 
137(58.35) 
102(56.22) 
132(59.87) 
95(59.22) 
102(68.99) 
71(69.52) 
164(50.15) 
115(50.64) 
187(43.16) 
133(42.91) 
130(60.48) 
94(59.65) 
148(K.01) 
106(54.50) 
146(55.62) 
106(54.50) 
110(66.56) 
77(66.95) 
CD. (P(0.05) Nematodes 11.073, Oil-cake= 20.717, Inorganic fer t i l i zer: 24.514, 
Oil-cake x Nematode" 29.297 Inorganic fert i l i zer x Ne«atode= 34.665, 
Oil-cake x Inorganic fer t i l i zer : 54.812 Oil-cake x Inorganic fert i l izer x Neeatode=77.5l3 
Fo No Inorganic f er t i l i zer , Nj Nitrogen 0.05 g N/Kg soi l . Kg Nitrogen 0.1 g N/Kg soi l , Pj Phosphorus 0.12 
g P/Kg soi l , P2 Phosphorus 0.24 g P/Kg soi l , Kj Potassiun 0.03 g K/Kg soi l , Kg Potassium 0.06 g K/Kg so i l , 
Co No Oil cake, Ncj Nee« cake 0.5 g N/Kg soi l , Ncg Neem cake 1.0 g N/Kg soi l , Hcj Mustard cake 0.5 g N/Kg 
so i l , Mcg Mustard cake 1.0 g N/Kg so i l . Mi M. incognita. Rr R. rem for* is . 
Per cent decrease over respective inoculated control i s indicated in parentheses. 
the average gall formation at both the dosages (Table-5.£7) and 
the supressive effect was dose dependant, Rpplication of higher 
dosages of oil-cakes reduced the average gall formation 
significantly more than lower dosages. Oil-cake and M. incognita 
interaction showed that the reduction in the number of galls in 
mustard cake (Mcj^  and Mcg) amended soils was significantly higher 
than that in neem cake (Ncj^  and Ncg) amended soil. In concomitant 
inoculation (MiRr), though the reduction was greater in mustard 
cake amended soil than that in neem cake soil, but was 
statistically at par. In general, mustav^d cake was more effective 
than neem cake. Application of higher dose of mustard cake caused 
mi^ximum reduction in gall formation in single species inoculation 
(.53. &&'/•) as well as in concomitant inoculation (57.93/4) whereas, 
in NCj reduction in galling was minimum (3S. S£^ and 30. ^7'A, 
respectively). 
5.4-1.5.4.2 Effect of Inorganic Fertilizers 
Inorganic fertilizers at the higher levels, in 
general, significantly supressed the average number of galls 
(Table-5.£7). The effects of different fertilizers were at par to 
each other, though maximum reduction in galling was caused by 
nitrogen followed by phosphov^us and potassium. In concomitant 
inoculation (MiRr), the reduction in gall numbev^ under the 
influence of higher dose of potassium (Pg) was r\or\ significant as 
compared to control (FoMiRr)^ although Po caused a significant 
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reduction m single species inoculation <Mi). In single species 
(Mi) as well as concomitant inoculation <MiRr) maximum v^eduction 
in gall number was observed in Ng (£5.83"/. and £4.46"/-, 
respectively) and minimum in Kj (8.51"/- and 7. 7£'/., respectively). 
5.4.1.5.4.3 Combined Effect of Oil—Cake and Inorganic 
Fertilizers 
It is evident from the Table-5.£7 that the effect of 
oil-cake was significantly more pronounced than that of inorganic 
fertilizers in v^educing the average number of galls. Various 
combinations of inorganic fertilizers and oil cakes significantly 
reduced the number of galls in single species inoculation in 
relation to inoculated untreated control (FoCoMi). In concomitant 
inoculation the treatment Ncj^  + Pj^  caused non significart reduction 
in the galls with reference to concomitantly inoculated .untreated 
cont ro1 (FoCoM i Rr). 
The combination, Mcg+Ng caused maximum reduction in 
the number of galls on single species (70.B2%) as ' well as in 
concomitantly inoculated plants (71.£4>i), while the combination 
Ncj+Kj caused minimum reduction (35. &&% and 30.47'/, respectively) 
as compared to respective inoculated untreated control (FoCoMi, 
FoCoMiRr). 
1 Si: 
5.4-l.G With Chemicals and Inor'ganic Fertilizer's 
5.4.1.6.1 Plant Growth 
5.4-1.6.1.1 Effect of Nematodes 
Meloidogyne incognita and Roty1enchu1 us r e m formis when 
present singly or concomitantly (Table-5.£8) altered plant growth 
of black gram cv. Pant U—19 to various extents. Individual 
introduction of MJL. incognita and R. r^erix form is significantly 
(P<0. 05) decreased the weight of dry shoot. Concomitant 
inoculation (MiRr) decreased the weight significantly hagher than 
single species inoculation- The reduction m dry shoot weight m 
the treat merits involving M. incognita and R.. r e m form is were 3£. 66 
And c.'5. 16 per cent, respectively. The corresponding figure for the 
percentage reduction m concomitant inoculation was SS. BB'/-. 
5-4-1.6.1.2 Effect of Chemicals 
The soil application of Furadan or Nemark ,alone 
increased the plant growth significantly (Table-5.£8) . The effect 
of higher dosages of Furadan (Fu^) and Nemark (Ne^) on ^lant 
growth was more pronounced than of lower dosages (Fu^ and Ne^^, 
respectively). The differences in the growth of Furadan (Fuj^ and 
Fu^) and Nemark (Ne^ and Ne^.) treated plants were nonsignificant. 
Dry shoot weights of M. incognita (Mi) and concomitantly 
inoculated <MiRr) plants significantly increased at both the 
dosages of Furadan and Nemark; similar results in R.. t^era f :>rmis 
(Rr) inoculated plants were achieved at the higher dosages over 
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Table:5.28 Individual and ccMbined effect of cheiicals and inorganic fertilizers on dry shoot Meight of black 
gran cv. Pant l>-19 infected with Heloidogyne incognita and Rotylenchulus reniforiis. 
Nitrogen Phosphorus Potassiui 
Fo "k h 
Fuo+Nto 
Fuj+Wi 
Fuj+Rr 
Fui+KiRr 
Furadan 
Fui+Nto 
Fui+Nx 
Fuj+Rr 
Fui+*iRr 
Fug+«to 
Fug+Ki 
Fi^ +Rr 
Fug+KiRr 
Neiaark 
Nej-fUto 
He^^i 
Nei+fir 
Nei+«iRr 
Neg+Nto 
Neg+lli 
Neg+Rr 
Neg+HiRr 
*.93 
3.32 
3.64 
2.01 
5.0A 
3.96 
4.05 
3.21 
4.87 
4-25 
4.31 
3.84 
5.07 
4. IG 
4.25 
3.54 
5.20 
4. A3 
4.54 
4.05 
<-32.66) 
(-26.16) 
(-59.22) 
( 2.18) 
(16.16) 
(10.12) 
(37.38) 
{ 1.22) 
(21.68) 
(15.54) 
(47.65) 
( 2.76) 
(20.19) 
(14.35) 
(43.22) 
( 5.19) 
(25.05) 
(19.82) 
(50.37) 
5.96 
4.21 
4.37 
3.71 
5.84 
4.54 
4.63 
4.19 
5,80 
4.70 
4.81 
4.47 
6.08 
4.41 
4.50 
3.89 
6.10 
4.60 
4.67 
4.26 
CD. (P<0.05) Nematode= 0.134, 
(17.28) 
(21,14) 
(16.70) 
(45.82) 
(15,58) 
(26.87) 
(21.38) 
(52.02) 
(15.00) 
(29.36) 
(24.32) 
(55.03) 
(18.91) 
(24.71) 
(19.11) 
(48,32) 
(19.18) 
(27.62) 
(22.05) 
(52,81) 
6.59 
5.06 
5.36 
4.45 
6,31 
5,36 
5,42 
4,74 
6,38 
5,47 
5,51 
4.81 
5,34 
5.17 
5.38 
4,57 
5.44 
5,32 
5,49 
4.77 
(25.18) 
(34.38) 
(32.06) 
(54.83) 
(21.87) 
(38.05) 
(32,84) 
(57.59) 
(22.72) 
(39,30) 
(33,93) 
(58,21) 
(22,23) 
(35.78) 
(32.06) 
(56,95) 
(23.44) 
(37.59) 
(33,69) 
(57.86) 
Qie«ical= 
5.62 (12.27) 
4.26 (22.06) 
3.98 ( 8.54) 
3.37 (40.35) 
5.60 (11.%) 
4.53 (26.71) 
4.46 (18.38) 
3 .% (49.24) 
5.56 (11.33) 
4.67 (28.90) 
4,54 (19.82) 
4.16 (51.68) 
5.77 (14.55) 
4.32 (23.14) 
4.39 (17.08) 
3.74 (46.25) 
5.97 (17.42) 
4.53 (26.71) 
4.48 (18.75) 
4.06 (50.49) 
= 0.150, 
6.08 
5.02 
4.77 
4.11 
6.13 
5.06 
4.81 
4.56 
6.11 
5.26 
5,06 
4,67 
6,14 
5.02 
4.77 
4.46 
5.17 
5.17 
4.86 
4.57 
(18.91) 
(33,86) 
(23.68) 
(51.09) 
(19.57) 
(34.38) 
(24.32) 
(55,92) 
(19.31) 
(36.88) 
(28.06) 
(56.95) 
(19.70) 
(33.86) 
(23.68) 
(54,93) 
(20.09) 
(35.78) 
(25.10) 
(56.01) 
5.81 
3.98 
4,21 
3.24 
5.96 
4.29 
4.42 
3.78 
6.10 
4.45 
4.59 
3 .% 
5.80 
4.25 
4.48 
3.74 
6.05 
4.54 
4.72 
4.39 
Inorgar 
(15.14) 
(16.58) 
(13.53) 
(37.%) 
(17.28) 
(22.61) 
(17.64) 
(46.82) 
(19.18) 
(25.39) 
(20.69) 
(49.24) 
(15.00) 
(21.88) 
(18,75) 
(45,25) 
(18,51) 
(26.87) 
(22,68) 
(54.21) 
6.48 
4.64 
5.05 
4.39 
6.51 
5.19 
5.24 
4.64 
5.41 
5.19 
5.41 
4.72 
5.25 
5.47 
5,14 
4.75 
5.35 
5.24 
5.51 
4.81 
)ic ferti l izer: 
(23.91) 
(31.40) 
(28.05) 
(54.21) 
(24.27) 
(36.03) 
(30,53) 
(56.66) 
(23.08) 
(35.03) 
(32,71) 
(57.41) 
(21.24) 
(39.30) 
(29.18) 
(57.77) 
(22.36) 
(35.54) 
(33.93) 
(58.21) 
= 0.178, 
Chenical x tenutode- 0.301, Inorganic fertilizer x Nenatodea 0.357, 
Chewical x Inorganic fertilizer: 0.399, (Jwtical x Inorganic fertilizer x NeBatode= 0.796 
Fo No Inorganic fertilizer, Nj Nitrogen 0.05g N/kg soil, f^  Mitrogen 0. lOg N/kg soil, Pj Phosphorus 0.12g 
P/kg soil, Pg Phosphorus 0.24g P/kg soil, Kj Potassiu* 0.03g K/kg soil. Kg Potassium 0.06g K/kg soil, Fuo No 
Chemical, Fuj Furadan O.OSg a.i./kg soil, Fug Furadan 0. lOg a.i./kg soil, Nej Kewark O.Sg a.i./kg soil, Neg 
Newark l.Og a, i./kg soil, Nto No ne«tode, Hi »}. incognita, ftr R. rgnifomis. 
Per cent increase/decrease (-) over respective control is irxJicated in parentheses. 
respective untreated inoculated plants. 
5,4.1.&. 1.3 Effect of Inorganic Fertilizers 
Plants without inorganic fertilizers grew poorly 
(Table-5.£8). Soil application of inorganic fertilizers alone 
increased dry shoot weight significantly (P<0.05), than those 
grown in absence of fertilizers (Fo). The effect of nitrogen and 
potassium on plant growth, at the higher doses, was more 
pronounced than the effect of phosphorous^ Enhancement in plant 
growth was maximum when plants were supplied with higher dose of 
nitrogen (Ng). 
The differences in the growth of M. incognita and 
concomitantly inoculated plants, supplied with nitrogen, 
phosphorous, and potassium were nonsignificant when compared with 
each other. The effect of nitrogen on R.reniformis inoculated 
plants at the lower dose <Nj^ ) was at par to that of phosphorous at 
the same dose (Pj^ ) but at higher dose (Ng) it significantly 
differed with that of phosphorous at the same level <Pj;)-
5.4.1.6.1.A Combined Effect of Inorganic Fertilizers and Chenicals 
In the treatments having chemicals anc' inorganic 
fertilizers <Table-5,£8), a significant increase in dry shoot 
weight, as compared to untreated control (Fo+Fuo), wa= observed. 
Maximum increase in dry shoot weight was found in thn treatment 
supplied with higher dosages of Furadan and nitroge.^ n combined 
<Fug+N£) and minimum in lower dosage of Nemark plus phosphorus 
184 
Significant increase in the dry shoot weight of 
uninoculated plants oven uninoculated untreated control was found 
in all the treatments with both the components (chemicals and 
inorganic fertilizers) combined, except in treatments Pj+Fuj+Nto 
and P|+Fu2+Nto. The growth of M- incogrii ta and concomitantly 
inoculated plants, increased significantly, over untreated 
inoculated control in all the treatments having chemicals and 
inoi-^ganic fertilisers combined. On the other hand, the differences 
in dry shoot wejight of R. reniformis inoculated plants treated with 
imorganic fertilizers plus chemicals were significant in most of 
the treatments except in treatments Pj^+Fuj^+Rr and Pj^+Ne^+Rr. 
Inorganic fertilizers in combination with chemicals, 
significantly increased the growth of noninoculated as well as 
nematode inoculated (single species or concomitantly inoculalied) 
plants in most of the treatments as compared to those where only 
chemicals were used. 
In various combinations of chemicals and 
inorganic fertilizers, the growth of uninoculated plants was 
improved to the maximum in the treatment Kg+Fu^+Nto (£4. £7"/.) civer 
uninoculated untreated contv^ol (Fo+Fuo+Nto) . In M. incoqriita 
infested plants maximum growth was recorded in the treatme.nts 
Np+Fup+Mi and Ko+Nei+Mi (39.30"/), and in R. reniformis inoculcited 
plants in No+Fu^+Rf" a^d K^+Neg+Rr (33.93%), over respective 
inoculated untreated controls (Fo+Fuo+Mi; Fo+Fuo+Rr) . Whereas, in 
185 
coricornitanb inoculation maxiinurn enharicernerit m growth was recorded 
in the treatment K^+Ne^+Mi Rr (58. dl'/.) m cornparasion to 
inoculated unbv^eated control (Fo+Fuo+MiRr) , 
5.4. 1. &. £ Nodulation 
5.4.1.6-2.1 Ef'Fect of Nematodes 
Introduction of nematodes significantly (P<0.05) 
inhibited the riodulation. Inhibitory effect of M, incogrnta was 
greater^ than R. r e m f ormis, but the two together (MiRr) caused much 
greater reduction than either of the two <Tatale~5. iE'9) . Concomitant 
inoculation caused 68.37 per cent decrease m nodulation while 
H" incog ni ta and R^. r e m form is caused 37. 76% and 3£. 55'/., decrease 
respectively, as compared to umnoculated untreated control 
(Fo+Fuo+Nto) . 
5.4.1.6.2.2 Effect of Chemicals 
Soil application of chemicals significantly (P<0.05) 
increcsed the nodule formation (Table-5.£9). Increase m nodule 
formation was more pronounced at higher dosages of Furadan (Fug) 
and Ne mark (Ne^ .) than at lower dosages (Fuj and Ne^ ) . The increase 
in nodulation at higher dose of Nemark (Ne^ .) was significantly 
more than that of Furadan ( F U D ) . 
When nematode application was withheld the differences 
in the nodule number on chemical treated and untreated (Fuo) 
plants were at par. Higher dose of Furadan (Fu^) and both the 
dosages of Nemark (Ne^ and Nr?^) increaxsed the nodule number on 
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Table!5.29 Individual and coabined effect of cheiicals and inorganic ferti l izers on nodulation of black 
cv.Pant U- 19 infected with Weloidogyne ^rcoonita and Rotvlenchalus renifpniu. 
graM 
Nitrogen Phosphorus Potassium 
Fo "2 
Fuo+Nto 
FuaH<i 
Fuo+Rr 
Fuo+«iRr 
Furadan 
Fui+Nto 
Fui+«i 
Fui+Rr 
Fuj-miRr 
Fug+Nto 
Fi^+«i 
Fug+Rr 
Fi^+«iRr 
Nenark 
Nej^to 
Ne|-H(i 
Nej+Rr 
Nej^iRr 
Neg+Nto 
Nea+Mi 
Neg+Rr 
Neg+f^ iRr 
98 
£1 
66 
31 
90 
70 
73 
47 
94 
75 
77 
56 
101 
70 
74 
51 
105 
78 
BO 
63 
(-37.76) 
(-32.65) 
(-68.37) 
( 8.16) 
(12.85) 
( 9.58) 
(34.04) 
( 4.08) 
(18.66) 
(14.28) 
(44.64) 
( 2.97) 
(12.85) 
(10.81) 
(39.21) 
( &.&6) 
(21.79) 
(17.50) 
(50.79) 
120 
72 
78 
50 
114 
77 
80 
61 
(18.33) 
(15.27) 
(15.38) 
(38.00) 
(14.03) 
(20.77) 
(17.50) 
(49.18) 
116 (15.51) 
82 
87 
70 
126 
77 
81 
58 
124 
84 
90 
74 
CD. (P(0.05) Nematode= 2.024, 
(2S.60) 
(24.13) 
(55.71) 
(22.22) 
(20.77) 
(18.51) 
(46.55) 
(20.%) 
(27.38) 
(26.66) 
(58.10) 
142 
83 
87 
74 
133 
62 
86 
73 
127 
85 
93 
79 
138 
82 
90 
69 
131 
93 
102 
83 
(30.98) 
(26.30) 
(24.13) 
(58.10) 
(26.31) 
(25.60) 
(23.25) 
(57.53) 
(22.83) 
(28.23) 
(29.03) 
(60.75) 
(28.98) 
(25.60) 
(26.66) 
(55.07) 
(25,19) 
(34.40) 
(35.29) 
(62.65) 
Oievical 
113 
67 
69 
42 
108 
70 
74 
54 
109 
76 
79 
59 
113 
71 
78 
53 
118 
77 
79 
61 
(13.27) 
( 8.95) 
( 4.34) 
(26.19) 
( 9.25) 
(12.85) 
(10.81) 
(42.59) 
(10.09) 
(19.73) 
(16.45) 
(47.45) 
(13.27) 
(14.08) 
(15.38) 
(41.50) 
(16.94) 
(20.77) 
(16.45) 
(49.18) 
= 1.983, 
119 1 
77 \ 
80 1 
60 1 
119 
77 
79 
61 
116 
81 
87 
70 
126 
78 
79 
64 
124 
84 
90 
75 
[17.64) 
120.77) 
!17.50) 
[48.33) 
(17.64) 
(20.77) 
(16.45) 
(49.18) 
(15.51) 
(24.69) 
(24.13) 
(55.71) 
(22.22) 
(21.79) 
(16.45) 
(51.56) 
(20.96) 
(27.38) 
(26.66) 
(58.66) 
117 
66 
73 
47 
121 
81 
83 
59 
121 
86 
90 
74 
124 
77 
81 
54 
133 
66 
90 
76 
Inorgani 
(16.23) 
( 7.57) 
( 9.58) 
(34.04) 
(19.00) 
(24.69) 
(20.48) 
(55.07) 
(19.00) 
(29.06) 
(26.66) 
(58.10) 
(20.%) 
(20.77) 
(18.51) 
(42.59) 
(26.31) 
(29.06) 
(26.66) 
(59.21) 
ic fertil: 
126 (22.22) 
78 (21.79) 
81 (18.51) 
66 (53.03) 
135 (27.40) 
83 (26.50) 
65 (22.35) 
77 (59.74) 
130 (24.61) 
91 (32.96) 
% (31.25) 
86 (63.95) 
131 (25.19) 
84 (27.38) 
90 (26.66) 
73 (57.53) 
125 (21.60) 
88 (30.68) 
95 (30.52) 
81 (61.72) 
i2ers= 2.077, 
(helical X NerMtode= 4.526, Inorganic ferti l izer K Nen)atode= 5.355, 
Chetnical x Inorganic fertilizer^ 5.987, Oe«ical x Inorganic fertil izer x Neiato(te=l 1.975 
Fo No Inorganic ferti l izer, Nj Nitrogen 0.05g N/kg soi l , Ng Nitrogen 0. lOg N/kg soil , Pj Phosphorus 0.12g 
P/kg soi l , Pg Phosphorus 0.24g P/kg soil , Kj Potassiwi 0.03g K/kg soil , Kg Potassium 0.06g K/kg soil , Fuo 
No Chaical, Fuj Furadan O.OSg a.i . /kg soi l , Fug Furadan 0.lOg a.i./kg soi l , Nej Newark O.Sg a.i./kg soil , 
Neg Newark l.Og a. i .Ag soi l , Nto No neaalode, Hi K, incognita, Rr R. renifomis. 
Per cent increase/decrease (-) over respective control i s indicated in parentheses. 
R. rer\i Forrnis infested plants than on M. incognita infested plants. 
In the presence of the nematodes, thr? effr3ct of both the chemicals 
on nodulation was at par to each other, 
5. 4. 1-5. £.3 Effect of Inorganic Fertilisers 
Inorganic fertilizers increased nodule number on 
uninoculated and nematode inoculated plants, significantly, over 
respective controls. The effect of nitrogen and potassium was 
significantly more pronounced than that of phosphorus (Table— 
5.C.3). In the presence or absence of the nematodes, the effects of 
higher dose of inorganic fertilizers was significantly higher than 
lower dose. 
5.A.1.6.2-4 Combined Effect of Chemicals and Inorganic Fertilizers 
In the treatments, having both the components combined 
( chemical and inorganic fertilizer >, a significant increase in 
nodulation over control (Fo+Fuo) was noted. Maximum and 
significant increase in ni-dulation was recorded m the treatment 
supplied with higher dosages of nitrogen and Nemark combined 
(N^+Ne^^) , followed by ths treatments K^+Fug (higher dosages of 
potassium plus Furadan) a'id K£.+Ne£ (higher dosages of potassium 
plus Nemark), which were ,at par to each other. In treatment with 
lower dosages of phosphorous and Furadan (Pj+FUj^), the increase in 
nodulation was minimum taut significant. 
fit lower dose of phosphorous combined with either of 
the dosages of Furadan, m the absence of nematodes (Pj+Fu^+Nto 
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and Pj^+Fug+Nto) , a non significant increase in nodulation in 
comparison to untreated uninoculated control (Fo+Fuo+Nto) was 
observed (Table-5.£9). In all the other treatments the increase 
was significant. Various combinations of chemicals and inorganic 
fertilizers significantly increased the nodulation on M. incognita 
(Mi) inoculated plants, except in the treatments P^+Fu-i^+Mi and 
P-j^ +Nej^ -i-Mi, when compared to untreated M. incognita inoculated 
control (Fo+Fuo+Mi), On the plants inoculated with R. reni formis at 
lower dosages of phosphorous and Furadan combined (P^ n-Fu-j^ +Rr) , 
there was a non significant increase in nodulation, whereas, in 
all other treatments the increase was significant, when compared 
with untreated R.reniformis inoculated control (Fo+Fuo+Rr). On 
concomitantly (MiRr) inoculated plants, with both the components 
combined, the nodulation increased significantly, over untreated 
concomitantly inoculated control (Fo+Fuo+MiRr). 
In treatments involving combined use of chemicals and 
inorganic fertilizers, combim^de application of lower dose of 
potassium plus higher dose of F.iradan (K]^+Fu£ ) and higher dose of 
nitrogen plus higher dose jf Nemark (Ng+Neg) significantly 
increased the nodulation on M. ..ncognita and R. reni form is infested 
plants, as compared to treatment and supplied with same dose of 
either of the chemicals al(.>ne. However, after concomitant 
inoculation (Mi + Rr), the di'-ference in the nodulation in 
treatments with chemicals <Furadan or Nemark) alone and in the 
treatments having chemicals plus phosphatic fertilizer, and in the 
laa 
treatment with lowev- dose of Neniark (Mej^ ) alone and lower dose of 
Nemark plus lower dose of potassium (Kj^  H-Nej^ +Mi Rr) , were found non 
si gni ficant. 
Either of the dose of potassium plus either dose of 
Furadan or Nemark, gave a significant increase in nodulation in 
nematode inoculated plants (Mi/Rr/MiRr), as compared with 
treatment with similar dose of Furadan c<)r Nemark or Potassium 
supplied alone. The treatment involving combined use of higher 
dose of nitrogen and higher dose of Nemark gave significantly 
higher nodulation on R.reniformis inoculated plants as compared 
with the treatment where higher dose of nitrogen and higher dose 
of Nemark were used alone. 
Increase in nodulation in various treatments, with 
both the components combined, ranged betw63en 9.25 (P]^+Fuj+Nto) and 
£6.98 per cent (N^.+Nej+Nto) in the absence of nematodes; between 
12.85 (P]^+Fu]^+Mi) and 34.40 per cent (Ng+Nsg+Mi ) on M. incognita 
infested plants; and 10.81 (P^+Fuj+Rr) and 35.29 per cent 
(Ng+Neg+Rr) on R^, reniformis inoculated plants. ftmong 
concomitantly inoculated plants, receiving chemicals and inorganic 
fertilizers combined, a maximum increase in nodulation was 
recorded in the treatment Ko+Fuo+Mi Rr (63.S5'/i) and a minimum in 
Pl+-Nei+MiRr (41.50-/.) Table-5. £g)-
5.4. 1.6. 3 Nematode Multiplication 
Data obtained revealed that black gram cv.Pant U-19 is 
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T<blit5.30 Individual and co«bin«d tfftct of chnicalt and inorganic f*rtilizer« on Bultiplication of (Rf) 
Meloidoavna incoonita infecting black graa cv.Pant U-19 in pretence and absence of Rotvlenchulus 
renifof is. 
Nitrogen Phosphorus PotassiuB 
Fo Na 
Fuo+Hi 
Fuo+Hi Rr 
Furadan 
Fui+«i 
Fuj+KiRr 
Fu2+Ni 
Fig+KiRr 
Newark 
Nei+«i 
Nei+KiRr 
Neg+Ki 
Neg-miRr 
23.59 
IB. 89 
12A(,{MAB) 
8.97(^.89) 
8.46(64.13) 
6.05(64.17) 
12.01(49.08) 
8.57(49.25) 
7.97(66.21) 
5.75(65.95) 
20.13(14.66) 
14.65(13.26) 
10.35(56.12) 
7.49(55.65) 
6.66(71.76) 
4.69(72.23) 
10.98(53.45) 
7.98(52.75) 
7.10(69.60) 
5.26(68.85) 
16.73(29.06) 
12.56( ) 
7.39(68.67) 
5.55(67,14) 
5.53(76.55) 
4.00(76.31) 
8.54(63.79) 
6.31(62.64) 
6.16(73.68) 
4.53(73.17) 
20.29(13.98) 
14.80(12.37) 
10.46(55.65) 
7.67(54.59) 
6.92(70.66) 
4.97(70.57) 
11.27(52.22) 
8.12(51.92) 
7.24(69.30) 
5.34(68.38) 
16.80(28.78) 
12.49(26.05) 
8.26(64.98) 
6.06(64.12) 
6.07(74.26) 
4.32(74.12) 
8.68(62.35) 
6.58(61.04) 
6.36(73.03) 
4.70(72.17) 
20.89(11.44) 
15.39( 8.88) 
10.67(54.76) 
7.89(53.28) 
8.24(55.06) 
5.95(64.77) 
10.09(57.22) 
7.21(57.31) 
6.68(70.83) 
4.87(71.16) 
18.88(19.%) 
13.67(19.06) 
7.65(67.57) 
5.70(66.25) 
5.77(75.54) 
4.22(75.01) 
7.81(66.89) 
5.54(67.19) 
5.55(76.47) 
3.90(76.90) 
CD. (P(0.05) Che«ical= 1.310, Neiiatode= 0.828, 
Cheaical x Nenutode= 1.853, 
Cheaical x Inorganic fertilizers 3.466, 
Inorganic fertilizers: 1.550, 
Inorganic fertilizer x Nematode^  2.192, 
Cheaical x Inorganic fertilizer x Neiatode= A.902. 
Fo No Inorganic fertilizer, Nj Nitrogen 0.05g N/kg soil, Nj Nitrogen 0. lOg N/kg soil, Pj Phosphorus 0.12g 
P/kg soil, Pj Phosphorus 0.24g P/kg soil, Kj Potassiu* 0.03g K/kg soil. Kg Potassium 0.06g K/kg soil, Fuo 
No Cheaical, Fu^  Furadan O.OSg a.i./kg soil, Fu^  Furadan 0. lOg a.i./kg soil, Nej Nemark O.Sg a.i./kg soil, 
Neg Newark 1.0 g a.i./kg soil, Mi H. incognita, Rr R. reniforiis. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
Table:S.31 Individual and coabined efftct of chnicals and inorganic fertiliiers on Multiplication (Rf) of 
Rotvlenchulus rcnifoniis infecting black grai cv.Pant l)-19 in presence and absence of Heloidonvne 
incognita . 
Nitrogen Phosphorus Potasiiua 
Fuo+Rr 
Fo 
19.38 
FuomRr 13.96 
Furadan 
Fui+Rr 
Fuj+HiRr 
Fug+Rr 
Fug+ i^Rr 
Nemark 
Nei+Rr 
Nei+«iRr 
Neg+Rr 
Neg+MlRr 
10.91(43.70) 
7.92(43.26) 
7.30(62.33) 
5.34(61.7 A) 
9.49(51.03) 
6.85(50,93) 
6.26(67.69) 
4.55(67.*0) 
Nl 
15.51(19.%) 
11.43(18.12) 
8.68(55.62) 
6.23(55.37) 
5.59(71.15) 
3.89(72.13) 
8.85(54.33) 
6.51(53.36) 
5.71(70.53) 
4.07(70.84) 
CD. (P<0.OS) Neaatodex 0.336, 
2^ 
12.81(33.90) 
9.51(31.87) 
6.68(65.53) 
4.89(64.97) 
4.97(74.35) 
3,66(73.78) 
6.79(64.%) 
4.% (64.46) 
4.78(75.33) 
3.38(75.78) 
"l 
17.89(10.26) 
12.74( 8.73) 
9.14(52.83) 
6.71(51.93) 
7.28(62.43) 
5.52(60.45) 
9.36(51.70) 
6.80(51.28) 
6.19(68.05) 
4.52(67.62) 
Che«»cal» 0.532, 
P2 
14.66(24.36) 
10.96(21.49) 
7.82(59.65) 
5.88(57.88) 
5.66(70.79) 
4.20(69.91) 
8.10(58.20) 
6.07(56.51) 
5.64(70.89) 
4.24(69.62) 
«1 
16.42(15.27) 
11.93(14.54) 
8.87(54.23) 
6.49(53.51) 
5.91(69.50) 
4.35(68,83) 
9.01(58.20) 
6.66(52.29) 
6.08(68.62) 
4.33(68.98) 
Kg 
13.55(30.08) 
10.28(26.36) 
7.60(60.78) 
5.64(59.60) 
5.28(72.75) 
4.00(71.34) 
7.50(50.78) 
5.59(59.95) 
5.37(72.29) 
3.63(72.56) 
Inorganic fertilizer^ 0.629, 
Chetical x NBnutode= 0.752, Inorganic fertilizer x Ne(Mtode= 0.890, 
Che«ical x Inorganic fertilizer* 1.408, Chemcal x Inorganic fertilizer x Neiatode= 1.991. 
Fo No Inorganic fertilizer, Nj Nitrogen 0.05g N/kg soil, Nj Nitrogen 0.lOg N/kg soil, Pj Phosphorus 0.12g 
P/kg soil, Pg Phosphorus 0.24g P/kg soil, Kj Potassiua 0.03g K/kg soil, Kg Potassium 0.06g K/kg soil, Fuo 
No Che«ical, Fuj Furadan 0.05g a.i./kg soil, Fug Furadan 0. lOg a.i./kg soil, Nej Neinark 0.5g a. i./kg soil, 
Neg Nemark l.Og a. i./kg soil, Hi R. incognita, Rr R. remfonus. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
susceptible to M. incogriita arid R. reniformis, as both the nematodes 
multiplied several folds in untreated inoculated controls. On 
concomitant inoculation the multiplication of each of the nematode 
was significantly suppressed (Table~5.-30 and 5,31). In single 
species inoculation R^ values of M. incognita and R.reniformis were 
£3.59 and 19.38, respectively, which lowered to 16.89 and 13.96, 
respectively, in concomitant inoculation. 
5.4.1.6.3.1 Effect of Chemicals 
ftmendments of soil with Furadan and Nemark caused 
significant (P<0.05) suppression of M. incognita (Table-5. 30) and 
R. renif ormis (Table-5.31) population. Nematicidal effect of NernBt^k 
against both the nematode species was similar to that of Furadan. 
Maximum inhibition of both the nematodes on single species 
inoculation as well as concomitant inoculation was obtained with 
higher dosages of Furadan and Nemark. 
5.4.1.6.3.2 Effect of Inorganic Fertilizers 
Amendment of soil with different fertiliser sources, 
such as ammonium sulphate (N) , super phosphate (P) and muriace of 
potash (K), at the higher dosages, caused significant reductiinn in 
M.incognita multiplication (Rf) <Table-5.30). Ammonium sulphate 
and muriate of potash, at both the dosages, and phosphati? at 
higher dose <P£) significantly inhibited R. renif':.rmis 
multiplication <Table-5.31). The decrease in number of both the 
nematodes was comparatively higher in ammonium sulphate than either 
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fertiliser sources, lowest being in potassium when inoculated 
singly or concomitantly. 
5.4.1.6.3.3 Combined Effect of Chemicals and Inorganic Fer^tilizers 
flmendment of soil with higher dosages of potassium 
plus Nernark (Kg+Weg) , caused significantly higher reduction in Rf 
values of M. incognita <Table-5.30) ; maximum reduction in Rf for 
R.reniformis (Table-5.31) was recorded in the treatment with 
higher dosages of nitrogen plus Nernark (Ng+Neg), as compared to 
untreated inoculated control. The average Rf values fov-
n. incognita and R. reniformis were lowest in the treatment Pj^ +Nej^  
(lower dosages of potassium and Nernark combined), compared to 
untreated inoculated control. 
In the treatments having chemicals and inorganic 
fertilisers together, Rf values of M. incogni ba declined 
significantly, in single species inoculation, as compared to 
the treatments where only fertiliser was suppli(?d. But the 
reduction in Rf was non significant as compared to tr>?atmerits with 
chemicals alone, except in treatment Ng+Fuj^+Mi where suppression 
in Rf of M. incognita was significantly higher as compared to 
treatment with individual application of higher dose of nitrogen 
(N^+FUo+Mi) as well as lower dose of Furadan (Fo+FU^+Mi). 
Similarly, in concomitant inoculation (MiRr) declination in Rf 
value of M. incognita was significantly more in combined 
application of inorganic fertilisers and chemicals as compared 
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with individual application of inorganic fertilisers but when 
compared with treatments where chemicals were supplied alone, a 
nonsignificant decv^ease in all the combinations was noticed. 
Reduction in Rf value of R. reni formis (single species 
inoculation) in treatments with inorganic fertilisers plus Furadan 
(at both the dosages) was significant in most of the combinations 
(Ni+Fui + Rr, Ng+Fui + Rr, N-.+Fug+Rr, Pg+Fu^+Rr, Ki+Fu;^+Rr, Kg+Fu^ + Rr, 
K|+Fui + Rr, K]^+Fu£+Rr and Kg+Fug + Rr) , in comparasion to individual 
applicat^ion of inorganic fertilisers or chemicals at the same 
dose. Higher dosages of nitrogen, phosphorous, or potassium 
combined with lower dose of Furadan significantly reduced the Rf 
value of R. reni formis in concomitantly inoculated plants, as 
compared with individual applications. 
In treatments with both the components (chemicals and 
inorganic fertilisers) combined, there was an additional decline 
in nematode population. Reduction in Rf of M. incognita on single 
species and (Concomitant inoculations ranged between 54.76 
<Kj^ +Fu]^ +Mi ) arid 76.55 per cent (Ng+Fug+Mi), and 53.28 
(K]^+Fuj+Mi Rr) and 76.90 (Kg+Neg+Mi Rr) per cent, respectively. 
Maximum suppresision in Rf of R. reni form is in single species 
inoculation was noted in the treatment Ng+Neg+Rr (75.33'/) whereas, 
in treatment f'j+Fuji+Rr (5£'.83y4) the reduction was minimum. On 
concomitant inoculation maximum reduction in Rf value of R_. 
reni form is was recorded in the treatment Ng+Neg+MiRr (75.78%), snd 
minimum 51.93 per cent in the treatment Pj^+Fu j^ +Mi Rr-
19a 
5.4. l.S. 4 Galls 
In coricornitarice of M. iricognita and R. ren if or mis gall 
number was significantly reduced in comparison to individual 
inoculation of M.incognita (Table-5.3£). 
5.4.1.6.4.1 Effect of Chemicals 
On the plants treated with either Furadan or Nemark 
(both the dosages), galling was significantly reduced in 
comparison to untreated plants. Nematicidal effect of Nemark was 
similar to that of Furadan. The degree of effectiveness of both 
the chemicals was dose dependant, as increasing dosages were 
increasingly beneficial to the plant <Table-5,3£). 
5-4.1.6-4.2 Effect of Inorganic Fertilizers 
Soil application of nitrogen (N), phosphorous <P), or 
potassium (K) was effective in reducing the number of galls per 
plant. However, significant reduction was noted at higher dose. 
The effect of N, P,or K was at par to each other (Table-5. 3£) . 
5.4.1.6.4.3 Combined Effect of Chemicals and Inorganic Fertilizer's 
The effect of chemicals on galling was more pronounced 
than inorganic fertilizers. Combined application of chemicals and 
inorganic fertilizers, in various combinations, significantly, 
reduced galling in comparison to untreated inoculated control as 
well as individual application of inorganic fertilizers. In 
the treatments with lower dose of Furadan plus higher dose of 
13: 
Tablii5.32 Individual and OMbiMd tfftct of chevicalt and inorganic ferti l izers on gall fomation of black 
graa cv.Pant l>-19 infected Mith tteloidoqyne incognita in the presence or absence of Rotvlenchulus 
renifomis. 
Nitrogen Phosphorus Potassiua 
Fo N 1 ''1 K 1 Ko 
Fuo+lli 
Fuo+KiRr 
Furadan 
Fui+«i 
Fui+NiRr 
336 
230 
175(48.22) 
129(43.91) 
294 (13.02) 
201(12.61) 
153(54.73) 
104(54.78) 
247(26.92) 
171(25.65) 
113(66.57) 
77(66.52) 
302(10.65) 
204(11.30) 
158(53.25) 
109(52.60) 
248(26.63) 
176(23.48) 
121(64.20) 
85(63.04) 
308 ( 6.88) 
211( 8.26) 
160(52.66) 
111(51.73) 
275(18.64) 
186(19.13) 
116(65.68) 
79(65.65) 
Fug+«i 
Fi^ +XiRr 
NeMrk 
Nei+«i 
Nei+^iRr 
121(64.20) 
88(61.73) 
169(50.00) 
120(47.82) 
93(72.48) 
64(72.17) 
159(52.95) 
109(52.60) 
74(78.10) 
53(76.95) 
122(63.90) 
86(62.08) 
101(70.11) 
73(68.25) 
164(51.48) 
114(50.43) 
82(75.73) 
60(73.91) 
129(61.83) 
91(60.43) 
117(65.38) 
84(63.47) 
146(56.80) 
99(56.95) 
79(76.62) 
56(75.65) 
113(66.57) 
75(67.39) 
Neg-mi 
Neg-HdRr 
113(66.57) 
82(64.34) 
98(71.00) 
70(69.56) 
83(75.44) 
59(74.34) 
102(69.82) 
72(68.69) 
89(73.66) 
64(72.17) 
%(71.59) 
64(72.17) 
72(78.69) 
52(77.39) 
CO. (P(0.05) Ne«atode= 11.964, Oieeical= 18.949, Inorganic fertilizer= 22.421, 
Cheaical x NenMtode= 26.799, Inorganic ferti l izer x Nematodes 31.709, 
Chemical x Inorganic fertilizer^ 50.136, Oiemcal x Inorganic fertil izer x NBBatodB= 70.904 
Fo No Inorganic fert i l izer, Nj Nitrogen 0.05g N/kg soil , H^ Nitrogen 0.lOg N/kg soil , Pj Phosphorus 0.12g 
P/kg soi l , Pg Phosphorus 0.24g P/kg soil , Kj Potassiua 0.03g K/kg soil . Kg Potassium 0.06g K/kg soi l , Fuo 
No Cheaical, Fuj Furadan 0.05g a.i . /kg soi l , Fug Furadan 0. lOg a.i . /kg soil , Nej Newark 0.5g a. i./kg soi l , 
Neg Newark l.Og a. i./kg soi l . Mi R. incognita, Rr R. reniforais. 
Per cent decrease over respective inoculated control is indicated in parentheses. 
either nitrogen or pottasiurn, reduction in galing was 
significantly greater than that of individual application of 
eather of the components (Table~5.32). 
Combination of higher dosages of Nemark and potassium 
(Ne^+K^) caused maximum reduction m gall number, on single 
species (78. 69"/) as well as concomitant (77. SS"'") inoculations. In 
the treatment with lower dosages of Nemark and phosphorous 
combined (Ne^+Pj^), the reduction was minimum (51.48 and 50.45"/., 
respectively). 
5.4.2 Relative Response of Black Gram Cultivars to Meloidoqyne 
incognita and Rotylenchulus reni forrnis. 
Twenty eight black gram cultivars were screened for 
their resistance and susceptibility aganist Meloidoqyne incognita 
and Rot y1ench u1 us r e m form is. For resistance or susceptibility 
ratings, three parameters were employed. These were reduction in 
dry shoot weight, number o" root galls or r e m form females per 
root system and reproduction factor (Rf) of the nematodes. 
5.A.2.1 Rating of cultivar resistance based on dry shoot weight 
reduction. 
Data presented in Table-5.33 and 5.34 showed that 
none of the £8 cultivars of black gram were immune, re'iistant or 
moderately resistant again'it either of the two nematodes- Four 
cultivars (PDU-3, PDU-5, Jh.^si 141-18 And Phu-79) were tolerant 
against R. r e m form i s buL ncne was tolerant against f^ incoqni t a. 
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TablesS. 33 Response of blackgram cultivars to (leloidoavne 
incognita and Rotvlenchulus r^enifortnis. 
Cultivars ITreat-
! rnents 
Dry shoot ! Number of ! Rr 
weight !nodules !females 
<g) .'root system! 
Rf iNumber of 
! galIs/root 
PDU-3 
CD<P<0 
PDU-5 
CD(P<0. 
PDU-6 
CD(P«:), 
PDU-7 
CD<P<0. 
PDU-8 
CD(P<0. 
PDU-10 
CD(P<0. 
Nto 
Mi 
Rr 
.05) 
Nto 
Mi 
Rr 
05) 
Nto 
Mi 
Rr 
05) 
Nto 
Mi 
Rr 
05) 
Nto 
Mi 
Rr 
05) 
Nto 
Mi 
Rr 
05) 
PantU-19 Nto 
xT-9 
CD<P<0. 
Mi 
Rr 
05) 
PantU-30 Nto 
CD(P<0. 
Mi 
Rr 
05) 
7. 49 
5.81 (22 
6.71(10 
O. 684 
7.71 
5. 58(27. 
6. 82(11. 
O. 564 
6. 91 
4.51 (34. 
5. 32(23. 
1.386 
6. 79 
4.34(36. 
5. 15(24. 
1.491 
6.97 
4.76(31. 
5. 31(23. 
1.573 
6.73 
4.96(26. 
5.56(17. 
0.777 
7. 68 
5.89(23. 
6. 02(21. 
0.621 
5.93 
3.76(36. 
4. 12(30. 
0. 469 
.43) 
.41) 
63) 
54) 
73) 
01) 
08) 
50) 
70) 
82) 
30) 
38) 
31) 
61) 
59) 
52) 
73 
52 
58 
1. 
79 
51 
63 
6. 
66 
45 
51 
3. 
54 
33 
41 
2. 
93 
64 
72 
6. 
51 
34 
41 
7. 
89 
64 
71 
1. 
67 
46 
51 
8. 
(28 
(20 
306 
(35. 
(20. 
543 
(31. 
(22. 
06 
(38. 
(24. 
058 
(31. 
(22. 
138 
(33. 
(19. 
630 
(28. 
(20. 
307 
(31. 
(23. 
581 
77) 
.55) 
44) 
25) 
12) 
27) 
89) 
43) 
18) 
58) 
33) 
61) 
09) 
22) 
34) 
88) 
63 
71 
104 
119 
110 
76 
89 
114 
6.68 
4. 09 
9.58 
4. 32 
14.63 
5. 94 
9.46 
6. 28 
13.90 
6. 20 
7.44 
4. 62 
7.03 
5. 52 
£1.34 
17. 81 
84 
113 
191 
112 
142 
98 
93 
242 
contd. 
contd.• .•Table;5. 33 
Cultivars 'Treat-
! rnent 
Dry shoot • Number of 
weight ! nodules/ 
(g) !root system 
Rf !Number of 
!gal Is/root 
N. P.-16 Nto 
Mi 
Rr 
CD(P<0. OS) 
6. 50 76 
4.56(29.85) 53 <30. £6) 
5.06(22.50) 60 (21.05) 
O.aao 10.629 
97 
9.91 
5. 63 
iia 
N.P.-21 Nto 
Mi 
Rr 
CD(P<0.05) 
7. 16 84 
5.37(24.72) 59 (29.76) 
6.00(16.20) 68 (19.05) 
O. 480 6. 987 
-73 
4.43 
4. 48 
51 
PS-1 
CD (P (0.05) 
Nto 6.79 78 
Mi 5.10(24.89) 59 (24.36) 
Rr 4.78(29.60) 56 (28.21) 
0.341 11.401 
104 
4.53 
10. 77 
UG-£ia Nto 
Mi 
Rr 
CD (P (0.05) 
7.52 
5.61(25.40) 
6. 36(15.43) 
1.099 
65 
47 (27.69) 
52 (20.00) 
6.343 
69 
7.67 
4. £1 
91 
IC-5309 Nto 
Mi 
Rr 
CD(P(0.05) 
6. 19 103 
4.36(29.56) 74 (28.16) 
4.64(25.04) 82 (20.39) 
0.449 7.803 
114 
7.95 
9. 38 
106 
Type-£7 Nto 
Mi 
Rr 
CD(P(0. 05) 
6. 34 57 
4.39(30.76) 39 (31.58) 
5.05(20.35) 43 (24.56) 
O. 345 5. 704 
84 
10. 17 
5. 40 
126 
Jhasi- Nto 
Mi 
Rr 
CD(P(0.05) 
5. 85 
4.67(20. 17) 
5. 12(14. 18) 
NS 
91 
67 (26.37) 
79 (13.19) 
7.286 
4.07 
3. 64 
46 
Phu-79 Nto 
Mi 
Rr 
CD(P(0.05) 
5.90 
4.61 (21.86) 
5.20(11.86) 
1.217 
96 
78 (18.75) 
75 (21.88) 
5.704 
68 
2. 84 
4. SI 
£8 
contd. 
c o n t d . . . T a b l e i S . 33 
Cultivars ITreat-
! rnent 
1 
Phu-£06 Nto 
Mi 
Rr 
CD(P<0.05) ' 
Phu-452 Nto 
Mi 
Rr 
CD<P<0.05) 
Phu-537 Nto 
Mi 
Rr 
CD<P<0.05) 
Phu-573 Nto 
Mi 
Rr 
CD<P<0.05) 
Phu-S13K Nto 
PDU-3 Mi 
Rr 
CD(P<0. 05) 
Jhabua Nto 
Local Mi 
Rr 
CD(P<0. 05) 
Janagrth Nto 
Manipur Mi 
Rr 
CD(P<0.05) 
Ju-585 Nto 
Mi 
Rr 
CD(P<0. 05) 
Dry shoot ! 
weight ! 
(g) ! 
7.23 
5. 1A<28.91) 
5.50(23.93) 
0.633 
4.96 
3.25(34.48) 
4. 19(15-52) 
1.013 
6.63 
5.41 (18.40) 
4.80(27.60) 
0. 198 
7.56 
5. 94(21.43) 
6.35(16.01) 
0.651 
7. 19 
5. 10(29.07) 
5.65(21.42) 
0.987 
5.87 
3.94(32.88) 
4.26(27.43) 
0.250 
6.62 
3.59(45.77) 
4. 18(36.86) 
2.693 
6.68 
3.76(43.71) 
4. 19(37.28) 
1.879 
Number of 
nodules/ 
root system 
87 
64 (26.37) 
72 (17.24) 
8.014 
94 
63 (32.98) 
76 (19.15) 
6. 138 
123 
95 (22.76) 
82 (33.33) 
8.581 
103 
81 (21.36) 
83 (19.42) 
11.401 
93 
61 (34.41) 
72 (22.58) 
11.629 
81 
53 (34.57) 
61 (24.69) 
2.358 
L17 
69 (42.86) 
82 (29.91) 
7.758 
75 
38 (49.33) 
46 (38.67) 
7.460 
Rr 
f ema 1 
— 
-
119 
„ 
-
66 
_ 
-
109 
_ 
_ 
82 
_ 
— 
98 
_ 
-
113 
_ 
-
136 
_ 
— 
142 
! Rf 
es! 
-. 
7.35 
6. 23 
— 
20.02 
4. 13 
^mm 
4.72 
9. 80 
• m 
3.25 
5. 41 
<mm 
6.06 
5. 92 
_ 
11.57 
10. 33 
.. 
22.32 
18. 64 
w 
£2.51 
18. 94 
Number of 
.galIs/root 
! system 
_ 
91 
— 
.„ 
234 
— 
„ 
54 
— 
^ 
34 
— 
.^  
69 
— 
.«» 
130 
— 
__ 
276 
— 
.« 
£89 
— 
c o n t d . 
contd... . Table:5. 
Cultivars !Tr*eat-
! rnent 
1 
PantU-19 Nto 
Mi 
Rr 
CD(P<0.05> 
Early Nto 
Sel Mi 
Rr 
CD(P<0.05) 
K-66- Nto 
136 Mi 
Rr 
CD(P<0.05) 
Sikkim Nto 
Local Mi 
Rr 
CD(P<0. 05) 
Nto Uninocu 
Mi Meloido 
33 
Dry shoot ! 
weight • 
(g) ! 
6. 3A 
3.89(38.64) 
A. 37(31.07) 
1.517 
5. 15 
3. 06(A0-58) 
3.30(35.92) 
0.723 
5. A6 
3.61 (33.88) 
4. 10(24.90) 
0.633 
7.82 
5.98(23.53) 
6.04(22.76) 
0.357 
lated (cont 
avne incoanii 
Rr Rotvlenchul us renif< 
Rf Reproduction -Factor 
NS Nonsignificant 
Number of 
nodules/ 
root/system 
94 
63 
76 
6. 
76 
42 
59 
7. 
88 
57 
69 
9. 
112 
87 
96 
7. 
rol) 
(32.98) 
(19.15) 
1-38 
(44.74) 
(22.37) 
168 
(35. 23) 
(21.59) 
482 
(22.32) 
(14.29) 
798 
Rr 
females 
— 
-
119 
— 
-
' 129 
— 
-
88 
— 
-
96 
ba (lOOO Ilnd Stage j 
srmis (1000 immature 
( P f/Pi > 
! Rf 
1 
1 
— 
20.35 
18.34 
— 
15. 14 
16. 54 
_ 
14.02 
a. 84 
~ 
6.62 
5. 62 
uverii 1 
female 
Number of 
galls/rool 
©ysten 
-
234 
-
— 
194 
„ 
_ 
171 
-
™. 
79 
-
es /pot ) 
B /pot ) 
Per cent reduction ove)r 
indicated in parentheses 
unioculated control IS 
TablQ=5.34 Response of cultivars on the basis of dry shoot 
weight reduction 
Cult ivars ITreat! Per centage reduction in 
rnent ! dry shoot weight over 
control 
Response of 
cult ivar 
PDU-3 
PDU-5 
PDU-6 
PDU-7 
PDU-8 
PDU-IO 
Pant U-
Pant U-
N. P. 16 
N. P. 21 
PS-1 
UG-218 
IC-5309 
Type-27 
19 
30 
Jhasi-141 
-IS 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rv 
23 
10 
27 
11 
34 
23 
36 
24 
31, 
23 
26. 
17. 
23. 
21. 
36. 
30. 
29. 
22. 
24. 
16. 
24. 
29. 
25. 
15. 
29. 
25. 
30. 
20-
20. 
14. 
.43 
.41 
.63 
.54 
. 73 
.01 
.08 
.50 
. 70 
.82 
30 
38 
31 
61 
59 
52 
85 
50 
72 
20 
89 
60 
40 
43 
56 
04 
76 
35 
17 
18 
s 
T 
HS 
T 
HS 
S 
HS 
S 
HS 
S 
HS 
S 
S 
S 
HS 
HS 
HS 
.S 
S 
S 
S 
HS 
HS 
S 
HS 
HS 
HS 
S 
S 
T 
contd. 
contd...Table:5.3A 
Cult ivars Treat! Per centage reduction in 
rnent f dry shoot weight over 
c o n t r o l 
Response of 
c u l t i v a r 
Phu-79 
Phu-206 
Phu-452 
Phu-537 
Phu-573 
Phu-213+ 
PDU-3 
Jhabua-
Local-1 
Junagrth-
Manipur 
JU-5S5 
Pant U-19 
Early 
Sel-1 
K-66-136 
Sikkirn 
Local 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
21 
11 
2a 
23 
34 
15 
18. 
27. 
21. 
16. 
29. 
21. 
32. 
27. 
45. 
36. 
A3. 
37. 
38. 
31. 
40. 
35. 
33-
24. 
23. 
22. 
.86 
.86 
.91 
.93 
. 48 
.52 
.40 
.60 
43 
01 
07 
42 
88 
43 
77 
66 
71 
28 
64 
07 
58 
92 
88 
90 
53 
76 
s 
T 
HS 
B 
HS 
S 
S 
HS 
S 
S 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
S 
S 
Mi Meloidoqyne incognita 
R>" Rot vlenchul us reni f ormis 
T Tolerant, S Susceptibe, HS Highly susceptible 
Fifteen cultivars showed susceotible reE->ponse against R.. 
reniforniis and nine against L^_ incognita while 13 cultivars wene 
found highly susceptible against M^ incoqn]ta and nine cultivars 
against Rj^ r e m form is. 
Dry shoot weight reduction in L^_ incognita 
susceptible cultivars (PDLJ~3, Pant U-19 x T-9, NP-21, PS-1, Jhasi 
141-ia, Phu-79, Sikkim local, Phu- 573, and Phu-537) ranged 
between 16-40 and £'4.89"/. (lowest in cv. Phu-537 and highest m cv„ 
PS-1). On the other hand, m highly susceptible cultivars (PDLJ-5, 
PDU-&, PDU~7, PDU-a, PDU-10, Pant U- 30, NP-IS, UG-2ia, IC~ 5309, 
Type- £7, Phu-£13H-PDU-3, Jhabua Local-1, Early Sel-1, K-G6-136, 
Junagrth Manipur^ JU- 585, Pant U 19, Phu - 45£, Phu- £'06) it 
ranged between £5.40 and 45.77'/ (lowest in cv. UG-£18 and highest 
in cv. Junagrth Manipur) (Table-5.34). 
Similarly, m four R^ r e m form is tolerarit cultivars 
namely PDU-3, PDU-5, Jhasi 141-18,and Phu- 79, reduction m dry 
shoot weight ranged between 10.41 to 14.18'/. (lowest being in cv 
PDU-3 and highest in cv. Jhasi 141-18) (Table-5.34). The reduction 
m 15 susceptible cultivars (PDU~&, PDU-7, PDU-8,PDU-10, Pant U 19 
X T-g, NP-16, NP-£1, UG-£ia, Type-£7, Sikkim local, Phu-£13 x PDU-
3, K-66-135, Phu-45£, and Phu-£0&) ranged between 15.43 and 
£4. go-/ (lowest in cv. UG-£ia and highest in cv. K-66~138) but in 
nine highly susceptible cultivars (Pant U-30, PS-1, IC-5309, Phu-
537, Jhabua Local-], Early Sel-1 Junagrth Manipur, JU-585, and 
Pa.r\t U-19) the dry shoot weight reduction ranrjed bebween £5.04 and 
19r^  
37. £S per cent (lowest in cv, IC--5309 and highest in JU-585) . 
5,4.2.2 Rating of cultivars resistance based on number of reniform 
females per root system. 
Only one cu]tivar (Jhas1-141-18) was rated tolerant 
against R^ r e m for mis out of £8 cultivars tested. Seven cultivars 
were found susceptible while the remaining clO cultivars were rated 
highly susceptible against R^ r e m form is on the basis of number oP 
females present m the root system (Table-5.36). 
In R^ reniform]s tolerant cultivar viz., Jhasi -143— 
18 there were only 54 females per root system. Whereas m seven 
susceptible cultivars (PDU-3,PDU-5, PDU-10,NP-£1,UG-£ia, Phu-79, Phu-
45£) the number of females per root system ranged between 63-78 
(lowest m cv. PDU-3 and highest in cv. PDU-10) and m £0 highly 
susceptible cultivars, namely PDU-G, PDU-7, PDU-10, Pant U-19 x T-
g, Pant U-30, NP-16, PS-1, IC-5309, Type-£7, SikMirn local, Phu-
573, Phu-,='13 K PDU-3, Phu-537, Jhabua Local-1, Early Sel-1, K-66-
136, Junagrth M a m pur, JU- 585, Pant lJ-19, Phu-£06, it ranged 
between 8£'-3iE:3 (lowest being in cv, Phu~573 and highest in JU-585) 
(Table~5.36). 
5.4.2.3 Rating of cultivars resistant on the basis of galls/root 
system 
When the number of galls per root system was 
considered as a parameter, only one cultivar (Phu-79) showed 
toleraxnce to M-. incoqnit (\ having 2.B galls per root system; 12 
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Table:5. 35 Response of black gram cultivates to Meloidoavne 
incognita on the basis of number of galls and 
reproduction factor (R^^). 
Cult ivara Treat 
ment 
Number of 
gal Is/root 
Response Response 
PDU-3 
PDU-5 
PDU-6 
PDU-7 
PDU-a 
PDU-10 
PantU-ig+T-9 
PantU-30 
N. P.-16 
N. P. -21 
PS-1 
UG-Sie 
IC-5309 
Type~27 
Jhasi-141-ia 
Phu-76 
Phu-206 
Phu-A52 
Phu-537 
Phu-573 
Phu-£13+PDU-3 
Jhabua Local-1 
Junagrth Manipur 
Ju-sas 
PantU-19 
Early Sel-1 
K-66-136 
Sikkirn local 
Mi Meloidoqv 
Rf Reproduct 
T Tolerant 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
Mi 
ne incoqni 
ion factor 
S Susceptible 
HS Highly s uscept ible 
84 
113 
191 
112 
142 
98 
93 
242 
118 
51 
59 
91 
106 
126 
46 
28 
91 
234 
54 
34 
69 
130 
£76 
289 
234 
194 
171 
79 
t a (1OOO 
(Pf/P^) 
S 
HS 
HS 
HS 
HS 
S 
S ' 
HS 
HS 
S 
S 
S 
HS 
HS 
S 
T 
S 
HS 
S 
S 
S 
HS 
HS 
HS 
HS 
HS 
HS 
S 
IInd stage 
6. 68 
9.58 
14. 63 
9.46 
13.90 
7.44 
7.03 
£1.34 
9.91 
4.43 
4. 53 
7.67 
7.95 
10. 17 
4.07 
£.84 
7.35 
20. 02 
4.72 
3. £5 
6.06 
11.57 
£2. 32 
££.51 
£0. 35 
15. 14 
14.02' 
6,62 
J uveniles/ 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
S 
HS 
HS 
HS 
S 
T 
HS 
HS 
S 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
pot) 
TablBsS. 36 Response of cultivars to Rotvlgnchulus reni forrnis on 
the basis of numbe»^ of females and rept^oduct ion 
factor (Rf) -
Cultivars Treat Number of Response 
merit females/root 
Ri Response 
PDU-3 
PDU-5 
PDU-6 
PDU-7 
PDU-8 
PDU-10 
P a n t U - i g + r - 9 
P a r i t U - 3 0 
N. P . - 1 & 
N. P. " 2 1 
PS-1 
UG-aia 
1 0 - 5 3 0 9 
T y p e - i 2 7 
J h a 5 i - 1 4 1 ~ i a 
P h u - y g 
Phu-aOG 
P h u - A 5 £ 
P h u - 5 3 7 
P h u - S 7 3 
P h u - £ 1 3 + P D U - 3 
J h a b u a L o c a l -
J u n a g r t h M a m 
Ju—585 
Pan t U-~19 
E a r l y S e l - 1 
K - 6 6 - 1 3 6 
S i k ^ i m l o c a l 
R r . R o t v l e n 
Rf R e p r o d u 
T T o l e r a n 
B f jU 'MCf 'p t 
HS H i g h l y 
•1 
p u r 
i c h u l 
R r 
R r 
R r 
R r 
R r 
R r 
Rt-
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
R r 
us r e m 
c t i o n f a c t o r 
t 
i b l e 
s u s c e p t 1 b l e 
6 3 
7 1 
l O A 
1 1 9 
1 10 
7 6 
8 9 
l l A 
9 7 
7 3 
l O A 
6 9 
l l A 
a A 
5 4 
6 8 
1 1 9 
6 6 
1 0 9 
8 2 
9 8 
1 1 3 
1 3 5 
1 4 2 
1 19 
1 £ 9 
8 8 
9 6 
fo r fn i<3 ( 1 0 0 0 
( P f / P j ) 
S 
S 
HS 
HS 
HS 
S 
HS 
HS 
HS 
S 
HS 
S 
HS 
HS 
T 
S 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
irninat ur-e 
A. 09 
4 . 32 
5 . 9 4 
6 . 28 
6 . 2 0 
4 . 6 2 
5.5£ 
17. a i 
5 . 63 
4 . 3 8 
10 . 77 
4 . 21 
9 . 38 
5 . 40 
3 . 8 4 
4 . 2 1 
4 . 13 
9 . 8 0 
5 . 4 1 
5 . 9 2 
10 . 33 
1 8 . 5 4 
1 8 . 9 4 
18- 3 4 
16 . 54 
8 . 84 
f e m a l e s 
S 
S 
S 
HS 
HS 
S 
S 
HS 
S 
S 
HS 
S 
HS 
S 
T 
S 
S 
S 
HS 
S 
S 
HS 
HS 
HS 
HS 
HS 
HS 
S 
/ p o t ) 
cultivars vin., PDU-3, PDU-10, Pant U-i3 x 1-9, NP-£1, PS-1, UB-
£18, Jhasi l/Hl-18, SikPirn local, Phu-573, Phu-S13 x * PDLJ-3, Phu-
537, Phu-£06 were rated as susceptible where the nuniber of galls 
per root system ranged between 34- 38 (lowest in cv. Phu-573 and 
highest m cv, PDU-10) and the remaining 15 cultivars (PDU-5, PDU-
6, PDU-7, PDU-8, Pant U-30, MP-16, IC-5S09, Type-a7, Jhabua Local-
1, Early Bel 1, K-S6--136, Junagrth Manipur, JU-585, Pant U-ig, Phu-
^5c:, were rated highly susceptible with galls more than 100 per 
root system, ranging between 106-£'89 (lowest m cv. IC-5809 and 
highest m cv. JU-SSS) (Table-5.35) , 
5.4.£.3 Rating of cultivar resistance on the basis of reproduction, 
fact or 
Out of £8 cultivars evaluated on the basis of 
reproduction factor only one cultivar was rated tolerant against 
M. incoqnitgi (Phu-79) and R^ rer\i form is (Jhasi — 141-18) . Fifteen 
cul;ivars wore susceptible against R^ r e m formis and five against 
M. incognita, whereas ££ were rated highly susceptible against M. 
iric iiqni ta, and 1£ against R^ r^erii form is (Table- 5.35 and 5.36). 
On one cultivar (Phu-79), tolerant to M^ . incognita, 
the rate of nematode multiplication (Rf) was £.84 (Table- 5.35). 
Whi e on susceptible cultivars (NP-£1, PS-1, Jhasi 141-18, Phu~ 
573r Phu - 537) it ranged from 3. £5 to 4. £7 (lowest or\ cv. Phu -
573 and highest cv. Phu-537). Nematode multiplication on highly 
susceptible cultivars (PDU-3, PDU-5,PDU-&, PDU-7, PDU-8, PDU-10, 
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Parrt U-ig X T-g, ParitU~30, NP-IS UG-21S, IC-503'5, Type-a7, Sjkkjm 
local, Phu-iE:l3 x PDU-3, Jhabua Local-1, Early Sel-1, K-&G-136, 
Junagrth M a m pur, JU-585, Pant U-19, Phu-45£, Phu-Z:06) ranged 
between 6.06 (cv. Phu-£13 x PDU-3) to £2.51 (cv. JLJ-585) (Table-
5.3G>. 
Nematode multiplication on cultivar Jhasi 141-18 
tolerant to R^ rem forma s was 3.84 whereas m 15 susceptible 
cultivars <PDU-3, PDU-5, PDU-&, PDU-10, Pant U-19 x 7-9, NP-21, 
UG-£18, Type-£7, Phu-79, Sikkim local, Phu- 573, Phu--,=:15 x PDU-3, 
Phu-45i=' PhLi-iE:06), ib was between 4.09 arid 5.94 (lowest m cv. 
PDU—3 and highest in cv, PDU-&). On IS highly susceptible 
cultivars (PDU-7, PDU-B, Pant V-30, PB-1, 10-5309, Phu-537 Jhabua 
Local-1, Early Sel-1 , K-66-136, Jungrth Manipur, JU~5a5, Pant U-
19), Rf value was from 6.20 (PDU-8) to 18.94 (JU-585) (Table-
5.36) , 
5.4-2.5 Final Rating 
Final rating was done on the basis of £ or 3 
similar responses of three parameters used (Table- 5.37). Thus, 
against M. incognita only one cultivar (Phu-79) was found 
tolerant; eight cultivars (PDU~3, Pant U -19 x T-9, NP-ai, PS-1, 
Jhasi 141-18, Sikkim local, Phu-573, Phu-5C'7, ) wev^e susceptible; 
and the remaining 19 cultivars (PDU-5, IC- 5309, Type -£7, Phu-£13 
X PDU-3, Jhabua local-1, Early Sel-1, K-66-136, Jungrth Manipur, 
JU-585, Pant U-19, Phu-45S, Phu-S06) were? highly susceptible. 
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TablesS. 37 Over all response of black gram cultivars 
incognita and Rotylenchulus r e m f orrnis. 
to Meloidoqyne 
Cult xvars 
Treat 
merit 
Response 
on the 
basis of 
dry shoot 
weight 
R e s p o n s e 
o n t h e 
b a s i s o f 
nu inbe i ' c>f 
r e r i i f o r m 
f ernal c s / 
r o o t 
Re«3porise? 
o n t h e 
b a s i s o f 
n u m b e r o f 
r o o t Wfiot 
gal Is/ 
root 
Response 
on the 
ban IB of 
Rf 
Over 
all 
r ec po-
ns e 
PDU-3 
t PDU-5 
PDU-6 
PDU-7 
PDU-a 
PDU-10 
PantU-19+T-S 
PantU-30 
N. P. -16 
N.P.-£1 
PS-1 
UR-.-JlB 
Type-27 
Jha5i-141-18 
Phu-79 
Phu-a06 
Phu-A52 
Phu-537 
Ph«i-573 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
Ml 
Rr 
S 
T 
HS 
T 
HS 
S 
HS 
S 
HS 
S 
HS 
S 
S 
S 
HS 
HS 
HS 
S 
S 
S 
S 
HS 
HS 
S 
HS 
HS 
HS 
S 
S 
T 
S 
T 
HS 
S 
HS 
S 
S 
HS 
S 
S 
s 
s 
HS 
HS 
HS 
S 
HS 
HS 
HS 
S 
HS 
S 
HS 
HS 
T 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
S 
S 
HS 
HS 
S 
S 
S 
HS 
HS 
S 
T 
S 
HS 
S 
S 
HS 
S 
HS 
S 
HS 
S 
HS 
HS 
HS 
HS 
HS 
S 
HS 
S 
HS 
HS 
HS 
S 
S 
S 
S 
HS 
HS 
S 
HS 
HS 
HS 
S 
S 
T 
T 
S 
HS 
S 
HS 
S 
S 
HS 
S 
HS 
HS 
S 
HS 
S 
HS 
HS 
HG 
HS 
HS 
S 
HS 
HS 
S 
HS 
HS 
S 
HG 
HS 
HS 
S 
n 
T 
T 
5 
HG 
S 
HS 
S 
S 
HS 
S 
HS 
contd. 
contd. . . Tabic? i. 37 
Cult ivars 
Phu-213+PDU-3 
Jhabua Local-1 
Junagrth Manipui--
Ju-585 
PantU-ig 
Early Sel-1 
K~6&-136 
Sikkim local 
X- Mi Melo.idoqyr 
Ri-" RotYlc?i^chu 
Rf Reproduct i 
T Tolerant 
SI Suoceptibl 
HS Highly su<5 
Treat 
merit 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Mi 
Rr 
Ml 
Rr 
Mi 
Rr 
Ml 
Rr 
e incoq 
1 us rer> 
on fact 
e 
cept ib1 
' Response 
or> t h e 
basis of 
dry shoot 
wei ght 
HS 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
S 
S 
nita (1000 
Respor 
on the 
bas IS 
number 
se 
of 
of 
rm 
females/ 
>-oot 
_ 
HS 
-
HC 
-
HS 
-
HS 
-
HS 
-
HB 
HS 
-
HS 
11 nd ?;t age 
1 formis ( 1000 imrnnti 
or (Pf/P^) 
e. 
.U"E? 
J 
f 
Reoporiso '. 
on the ! 
basis of ! 
number of! 
root knot! 
g a 11 <:-". / ! 
root ! 
S 
-
HS 
-
HS 
-
HS 
-
HS 
-
HS 
-
HS 
S 
-
uveniles/po 
emales/pot) 
Re? 
on 
ba 
Rf 
t) 
sponr 
the 
Bis c 
HS 
S 
HB 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
a 
f 
Over 
all 
retspo — 
nse 
HS 
S 
HG 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
S 
Sirni l a t e l y , a g a i n s t R.. r e n i f o r m i s o n l y o n e c u l b i v a r 
(Jhasi- 141-18) was tolerant ; 14 cultivars (PDU-5, PDU-&, PDU--10, 
Pant U-ig X T-g, NP-IS, NP-21, UG-£ia, Type-£7, Phu 79, Sikkirn 
local, Phu-573, Phu-£13 x PDU-3, Phu 452, and Phu -SOS) were 
susceptible, and 13 cultivars (PDU-7 PDU-S, Pant U-30, PS-1, IC-
5309, Phu-537, Jhabua local-1 Early Sel -1, K-&6-136, Junnrth 
Manipur, JU-SSS, and Pant~U-19,) were highly susceptible (Table-
5.37). 
5.4. £.6 Effect on Nodulation 
Both the nmatodes,Meloi dogyne incognita and 
Rot y1ench u1 us reni fornis adversely affected the nodulation (Table-
5,33). In M.incognita tolerant cultivar <Phu-79) nodulation 
reduction was 18.75'/-, however, on the susceptible cultivars it 
ranged between £1.36 (Phu-573) and £9. 7£"/ (NP-£1). Similarly on 
the highly susceptible cultivars nodulatior reduction ranged 
between £6.37 (Phu-£06) and 49.33"/- (JU-585) 
Cultivar (Jhasi 141-18) tolerant against R. 
reni form is suffered 13. 19"/- reduction in nodulation, while 
susceptible cultivars exhibited reduction- in nodulation between 
14.£9 (Sikkirn local) and ££.58 per cent (Phu-£13 x PDU-6). On the 
other hand, reduction in nodulation on highly susceptible 
cultivars ranged between 15.46 (Phu-537) and 33.67 per- cent (JU-
585) (Table- 5.33). 
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5.5 Discussion 
Iri the present study, efficacy of chemicals (Furadan 
and herbal product Nernark) ; bio-control fungi (Paeci lornyces 
1 i 1 acinus and Picrophialophora f us is per a) ; chopped leaves (Eel i pta 
alba, Bidens bi ternata and Eri qer'on bonariensis) ; leaf extracts 
(Heliathus armuus, Taqetes erecta and Z innia eleqans) ; oil-cakes 
(Neern and Mustard) and inorganic fertilizers (fimrnoniurn sulphate, 
Superphosphate and Muriate of potash) was evaluated against 
MeloidoQvne incognita and Roty1enchu1 us reni formis, when present 
singly or concomitantly on black gram cv. Pant U-19. These 
substances, used for the nematode management were applied either 
independently or in certain combinations. 
In the present studies (Table-5.3—5.7), improvement in 
plant growth and modulation, suppi-^ession in nematode populations 
and root—knot development, was directly correlated with the amount 
of chemicals applied, independently. Nemark and Furadan were 
similar in action and did not show ainy phytotoxic effect at both 
the dosages. Reduction in root-knot development and in population 
of both the nematode species, with the application of Furadan 
(cav^bof uran) , a\re in agreement with the earlier findings of 
Rodrigues-Kabana and Mawhinney, 1980; Jaiswal et_ al. , 1987; 
Stephan et. aj^, , 1989; Parvatha Reddy and Khan, 1991. The 
nematicidal nature of Nemark through this study, has been reported 
for the first time. 
£00 
Furadan/carbof uran (£, 3—dihydro—c.", E:--d i methyl ~7 
bensofui-^anyl methyl carbamate) a non volatile, systemic nemabicide 
belongs to organo—carbarnate, a chol i nesterase -irihibibor (Bunt, 
1975). Oximes and phenols, the hydnolytic products of carbamate, 
are nematicidal m action. Carbamate nematicides do not act 
directly <Haque, 1975), but rather indirectly (Haque and Gowen, 
1987). Neuro-muscular activity, movement, invasion, hatching, and 
feeding of the nematodes are impaired and consequently their 
development and reproduction ar-e retarded. 
The way systemic nematicides work m protecting the 
plants from nematode infection has been summarized by Bunt, 1987. 
The systemic nematicides, when applied as soil treatment come m 
direct contact with soil water and reduce nematode populations. 
These nematicides act as cholinesterase inhibitors that affect egg 
hatching drasti:^ally or reduce the movement of soil dwelling 
nematodes. Morenver, root exudates containing traces of systemic 
nematicide influence the nematode behaviour or feeding cell 
contents coritaining active principles. Penetration, feeding and 
reproduction of nematodes mside or around the tissues can be 
influenced by a direct contact action via the soil water, as well 
as by a systemic action via the plant or by both (Bunt, 1975; 
Evans and Wright, 198£) , Usually, the combined effects of 
poisoning the nemtodes and v^educed attractiveness towards the 
plants as a fDod source, ar-^s responsible for the effective 
results. 
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Memark is a neern product developed indegeriously by 
West Coast Herbochern Private Ltd., Bombay. Since, neern product's 
are considered to be antibiotic aqrid antmernic, hence it could 
also h<=ive? some antinernic properties. However, nothing is known in 
this direction. Therefore, the present study was undertaken to 
explore any relevance towards nematode control. 
"Nernark' played a vital role m managing root- knot 
and reniform nematode populations on blackgrarn. Both the dosages 
used m the present study, improved plant growth and nodulation, 
and thus showed phytotonic nature of this neern oroduct. The 
nematode control efficiency of 'Nemark' is understandable because 
neern is already known to contain over 34 different ingredients 
belonging to the diterpenoid, triterpenoid and flavanoid groups 
toxic to the nematodes (Thakar et_ al. , 1981; Rao and Parrnar, 
1984). Khan et_ al. , (1974b) reported two bitter principles of neem 
VIZ., nimbin and thionemone as highly toxic substances towards to 
the plant parasitic nematode. Limonoids, belonging to the 
furantriterphenolds, have also been found to be nematotoxic 
(DevaKumar et_ al. , 19S5). In United States, practical methods have 
been developed for the isolation of azadiractin that has been 
tested for its toxic nature against nematodes (Warthen Jr., 1979). 
The present investigation (Expts. 5.4.1.1) 
demonstrated that both the fungi, (Paecilomyces 1i1acinus and 
flcroph xalophora fusispora the biocontrol agents were, effective 
against Meloidoqyne incognita and Rotvlcnchulus rem form is but 
1—UC 
were not pathogenic to blacP gram plants. P_. 11 lac3 nus and Q. 
fusispora improved the plant growth and nodulation on nematode 
infected plants. The response of both the fungi for control of M. 
incogm ba and R. r e m form is on black gram was density clf?perident, 
the increased dosages of biocontrol agents improved plant growth 
and nodulation to greater extent and reduced gall number and 
reproduction factor of M. incognita and R.. r e m form is. Higher 
inoculum levels of P_. 111 acinus and fl. fusispora K.e?re most 
effective m reducing the plant damage caused by either of the 
nematodes individually or concomitantly (Table-5.3-5.7). 
Paec11omyces 111acinus is one of the most promising 
and practical biocontrol agent for the management of planb 
parasitic nematodes. It parasitises nematode eggs and destroys 
embryo, grows within the body of larvae and developing females 
and consequently kills them (Jatala et. aj^. , 1979; Morgan-Jones et_ 
al., 1984c; Khan 19e&; Parvatha Reddy and Khan, 1989). The 
organism adapts to diverse environmental conditions, and is 
compatible with many fungicides and nematicides (Villanueva and 
Davide, 1984). Its effectiveness m managing Meloidogyne incognita 
(Jatala et_ aj^. , 1980; Khan and Husain, 1990b), Globodera pallida 
(Franco et_ al_. , 1981), Ty lenrhul us semi penetrans (Herrera e^. al. , 
1985) , Nacobbus aberrans (Sisler de et. al.. , 1985) , and 
Roty lenchul us rE^rM form is (Parvatha Reddy and Khan, 1989; Khan and 
Husain, 1990b), affecting important crops, has been determined. 
Furt herm>:ire, some obher species of Paeci Ujmyces (P. marquandi i and 
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wri £" variot 1 1 ) and Pseudoeurot j uiii ovale stocP havt' also been shi 
to be capable of destroying eggs, juveniles and adults of several 
nematode species (Lysek, 1966; Dornsch et_ aj^. , 1980; Godoy et_ al. , 
1985). 
Conclusively it can be said that P.. 13 lac in us is a 
potential bio-control agent which has a number of advantages. P. 
11 lacinus, typically a soil borne fungus, seems to be relatively 
common and ubiquitous in tropics and sub-tropics (Domsch et_ al. , 
1980). The capability of this species to degrade chitm has been 
accounted by Okafor (1957); and it has also been found strongly 
proteolytic (JanUe and Holder, 19c:9; Borout, 1960; Endreeva et 
a_l_. , 1972). This feature is of some special significance because 
the egg shell of Meloidopyne incognj ta has been reported to be 
strongly made up of protein and ch tin (Bird and McClure, 1976). 
There is sufficient evidence to sugciest that P. 11 lacinus, a heavy 
sporulator, is a strong competitor" capable of its successful 
establishment m a natural soil, wh€>n introduced artificially. 
Hussain (1986) found <hat females of M. incognita 
isolated from tomato roots collected from Gonda (U.P., India) were 
parasitized by the fungus, Qcrophiia] ophora f usispora. Later on its 
ability to act as a biocontrol agent against M. incognita on 
tomato (Husain, 1988) and chickpea (Siddiqui and Mahmood, 199£) 
was established. 
Oil the components of organic amendments (chopped 
leaves and oil-cakes) used m the p\-esent study had phytotonic 
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effects on black gram plants. The improvement m plant growth and 
nodulstion, and BLippressxon m population parameters of both the 
nematode species was found to be directly correli-ibed with the 
quantity of organic additives, maximum being jn the higher dosages 
(Table-5. 8-5. 1£', 5. 18-5. ,2^) . 
Soil amended with chopped leaves oF three weeds (Expt. 
5.4. l.£), belonging to the family flsteraceae (Compos itae) , 
suppressed the population of M. incognita and R.. r e m form is (in 
single spc?cies as well as concomitant inoculations), and improved 
the growth of, and nodulation on nematode infected black gram. 
This observation clearly demonstrated the potential nematicidal 
effect of these additives. Leaves of Eelipta alba was found to be 
most toxic against both the nematode species followed by Bidens 
biternata and E n qeron bonariens] s. Th(3 effectiveness of E. al ba 
aginst M. incognita and R^. r e m form is has also been demonstrated 
by Tyagi et_ al. , (1931). The present "indings, with respect to 
nematicidal characteristic of B. biternata and E. bcnari eri<5xs. 
have been reported for the first time. 
Incorporation oF oilcakes o" neem (Ozadirachta indica) 
and mustard (Brassica campastris) ml o the soil proved to be 
highly effective in reducing the incide'nce of root-knot diseas 
caused by M. incognita, and populatKm build up of both th 
nematode species (Expt. 5.4.1,4). Enhanced plant growth and 
nodulation, and reduced population parameters had positive 
correlation with tho amount of oil-cakes applied. Higher doses 
e 
e 
re?sulted in better performance. It was found that ni us bard caWe wa=:; 
significantly more effective than neern cake against M.. m c o g m ta, 
while neern cake was significantly more toxic against R.. 
v^ eni form is. My observations, with respect to the efficiency of 
oil-cakes, ar-^e m agreement with those of Lear (1959), Khan 
(1969), Singh a.rid Sitaramaiah (1973), SLnd fils.ra arid Khan (1974). 
The use of organic matter has been recognised as 3.r\ 
effective means of reducing substantial population of plant 
parasitic nematodes and checking their populations through a 
variety of mechanisms (Sayre, 1980; Dropkin, 19Q("); Sitaramaiah, 
1990). 
The mechanism(s) of action of organic amendments 
leading to plant disease control has not, yet, been fully 
understood. The nature of all the soil environments is so 
intricate that it is very difficult to conc:eive the activities 
occurring inside the soil. Control of a di!;ease, in an amended 
soil, does not seem to be the result of only one specific, but of 
vav^ious intriguing factors. These mechanisns alter the disease 
severity through inseparable interactions >'f the soil host and 
pathogen. Modification in physical, chemical and biotic 
environment to soil, by the addition of decomposable organic 
matter, has been found to influence the inc:dence of many plant 
diseases. 
Interaction, between micro-organ sms and other biotic 
components of the soil, lead to the transformation of organic 
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matter, from an unavailable into an available form to the plants. 
Microbial activities also limit certain soil inhabited pathtngf^ns. 
The metabolic products of these organism or decomposition products 
of organic matter may induce physiological resistance? m the host 
plants. 
Bayre (5 980) discussed two hypobbeses which may 
explain the effectiveness of soil amendments ;- 1) the 
decompiosit 1 on products released from amendments, and £') 
manipulation of soil microbial population by "addition of 
amendments initiates a series of events favouring the build up of 
bacteria, rnicrobivorous nematode trapping fungi and other soil 
antagonists that destroy plant parasitic nematodes". Dropkin 
(1980) suggested that soil amendments act in several ways. Organic 
matter, incorporated into the soils by many organisms (from 
bacteria to earthworms), is ultimately converted into humus. Break 
down of organic matter leads to the formation of certain 
compounds, including simple organic acids <such as acetic, 
propionic and butyric acids), toxic to nematodes. They remain, for 
several weeks, in concentrations sufficisnt to kill some 
phytonematodes, but otherwise are not toKic to free living 
species. 
Addition of organic matter into ;he soil stimulated 
microbial activity of bacteria, fungi, algae and other micro 
organisms (Webster, 197c:; Sayre, 1980; Rodri guer—Kabana et_ al. , 
1987). Lmford (1937) and Lmford et_ al^-, (l')38) used pineapple 
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leaves as soil arnendrnerits and obtained significant reduction in 
root-knot nematode (Meloidoqyne spp,) population attacking 
cowpea, but noticed an increase in the population of saprozoic 
nematodes. They suggested that organic amendment supported 
microbial and animal species inimical to the root knot nematode. 
Increased microbial activity in amended soil, caused enhanced 
enzymatic activities (Rodriguez-Kabana, et_ al. , 19S3) and 
accumulation of decomposition end products and microbial 
metabolites that were deleterious to plant parasitic nematodes. 
(Johnston, 1959; Walker, 1971; Khan et_ al. , 1974b; Badra et. al. , 
1979). 
Plmendments of soil with oilcakes (organic amendments) 
have been reported to check the populations of phytoparasitic 
nematodes through a variety of mechanisms (Sitaramaiah, 1990; Khan 
and Parvatha Reddy, 1993). Organic amendments quicken degradation 
resulting into the products more readily consumable and 
assimilable by the plants for their development. Oil-cake 
amendments also result in improvini] the texture and increasing the 
water holding capacity of the soi. (Soil conditiong) which helps 
in absorption of minerals by the plants and consequently their 
development. During the process of oil-cake decomposition, ammonia 
that had nematicidal potency was released (Khan et_ al. , 1974a); 
and with liberal supply of water,, many more compounds (such as 
phenols, aldehydes, different gases including ammonia), were 
released (fllam, 1976; 1990). Sitaramaiah and Singh (197ab) 
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identified fatty acids, while Khan (1969) and Hasan (1977) 
recognised amino acids and carbohydrates, during the decomposition 
of oilcakes. fill these chemicals were found to be highly 
deleterious to many plant parasitic nematodes (Badra et_ al_-t 1979; 
Singh and Singh, 1988; Sitaramaiah, 1990). There is a possibility 
of release of other chemicals detrimental to phytonematodes during 
oil-cake degradation, but it is still pre-mature to predict how 
much of these chemicals 3.re sufficient for such An action. It is 
presumed that the toxic principles, in the fov^ m of water 
solutions, occupied soil pore spaces where most of the noxious 
nematodes reside, and reduced inoculum density below threshold 
level. Two active principles, nimbin and thionemone of neem cake 
and siriigerin of mustard cake were highly toxic to plant parastic 
nematodes (Khan, 1976). Sitramaiah et_ al_. , (1969) pointed out that 
oil-cakes adversely affected ovovi vi par it / v^esulting in reduced 
number of infective root-knot nematode juvsniles in soil. 
Soil amendments with oil:rakes (other organic 
materials) enhanced antagonistic activity of fungi and hampered 
infection process of pathogenic nematodes. This aspect has been 
reviewed by Jatala (1985) and Sitara^naiah (1990). Culture 
filtrates of many saprophytic fungi vi :., ftsperqi11 us niqer. 
Pen i c i 11 i urn corylophi 1 urn are highly delete'-'ious to plant parasitic 
nematodes (fllam et_ al. , 1973c; Kirmani" et_ al • , 1978 and Khan et_ 
al_. , 1981). These fungi produce toxins and ant ibiot ics-mal for in, 
hedacidine, gliotoxin, viridin and pei-iici 11 in. Some micro-
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organisms act as decomposers of oilcakes (organic residue) arid 
releasing substances deleterious to the nematodes. These 
substances are quite comparable to nematicides and in this way the 
producers may be considered as biocontrol agents. 
Oil-cake amendments and amendment with other organic 
materials alter physiochemical properties of soils that make soil 
environment unfavourable for the development and the activities of 
plant parasitic nematodes (Vander Laan , 1956; Sitaramaiah, 
1990). Plants showed an iricr^esBed resistance towards the nematodes 
as a result of increase in phenolic contents in host plant roots 
(fllam et. al. , ig77d, 1990). 
Organic additives also release nutrients which 
accelerate r-^apid root development and overall plant growth, and 
nodulation, thus helping the plant to escape nematode attack. This 
theory has been substantiated by the results where the organic 
amendments have improved plant weight and nodulation by several 
folds. 
The principle underlying the efficacy of organic 
amendments is that the decomposable organic matter be allowed to 
decompose in such a way and for such a period that the process of 
decomposition and its associated activities suppressed or 
destv-oyed the pathogen/s without any harmful effect on the plants. 
Simultaneously the disease proneness of the plant is also reduced. 
Since decomposition products of organic matter may harm plant 
roots; such treatemnt should be applied sometime before planting, 
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and hence a waiting period is necessany-
The black gram plants grown in amended soil with 
different organic additives have shown significant improvement in 
plant growth. It rnay be due to changes iri soil structure and water 
holding capacity and changes in soil pH which are unfavourable for 
nematode reproduction and their movement. Moreover, additives also 
served as organic manure. 
The results of Experiment No. 5.4. 1.3 and Table-5. 13— 
5.17 indicated that black gram seedlings treated with leaf 
extracts of Helianthus annuus, Tagetes erect a and Z innia eleqans 
retarded development and reproduction of M. incognita and R.. 
reni formis to varying degrees when present singly on 
concomitantly, and improved plant growth and nodulation of 
infe?cted plants. The beneficial effects of leaf extracts were dose 
depe'ndent, as the highest dose (lOml/seed 1 ing) caused maximum 
impi-ovement in plant growth and nodulation, and suppressed 
population buildup. Leaf extracts of T. erecta was most effective 
aga?nst both the nematodes. The nematicidal nature of H. annuus, 
T. erecta. and Z.. eleqans as is evident from my results, B.re in 
confirmity to the earlier findings (Banc et_ al. , 1986a, b> ; Nisar 
and Husain, 1989. 
The present investigation indiacted that water 
extracts of leaves rendered the roots of susceptible plants highly 
unf^ivourable to both the nematodes. The antinematode activity of 
plants can be attributed to the natural occurrence of nematotoxic 
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chemicals <prohi bit m s ) such as flavonps, f al vorioids, flavonic 
glycosides, steroids, alkaloids, terpenes and thiophenes etc., 
(Nisar and Husam, 1989). Taqetes spp. contains considerably high 
concentrations of -terthienyl (£, £-5, c!—terth lenyl) alongwith 
biogenetically related 5 (3~buten-l-ynyl) £-£ - bithienyl thab 
exhibited high nernaticidal activity against several plant 
parasitic nematodes (Zeschmeisterand Sease, 1947). These chemicals 
are either absorbed by the roots or there might be some chain 
reaction which was triggered due to some factors 
(elicitor/activator) present m the leaf extracts. 
The reduction in nematode population due to soil 
application of leaf extracts could also be attributed to 
unfavourable condition causing poor penetration and later on 
retardation m biological activities such as feeding and/or 
reproduction of the nematode, as suggested by Bunt (1975). 
The treatment of soil with inorganic fertilizers m 
the form of ammonium sulphate (a source of nitrogen), super 
phosphate (source of phosphorus) and muriate of potash (source of 
potassium) reduced the extent of damage caused by M. incognita and 
R. y^Bni f ormi s, present singly or concomitantly (Expt. 5.4.1.5). 
This rlearly indicated the potential nematicidal effect of these 
additiv/es. Reduced plant damage and suppressed nematode 
populations and root-knot development was found to be directly 
correlated with the amount of fertiliser applied, maximum being m 
the higher dose. The reduction in number of bothi the nematode 
•_ -I C. 
species was comparatively higher m arnrnoniurn sulphate than in 
other fertiliner sources, lowest being m potassium when 
inoculated singly or concomitantly. 
Disease intensity and populations of M- incognita and 
E- r e m form IS have been found to be decreased by the application 
of certain components of inorganic fertilizers (Oteifa, 199£; 
Ishibashi, 1970; Badra and Elbary, 1978; Ram and Gupta, 1985; Pant 
et al., 1983; Verma and Gupta 1986; Zaki and Bhatti, 19S9). 
Walker (1971) indiacted that degradation of Rmmoniacl nitrogen 
resulted into the release of ammonia and ammonium ions, a known 
nematotoxic compounds (Eno et_ al. , 1955, Mujtahedi and Lawnsberry, 
1976) which m turn might be responsible for the decreased 
nematode population. According to Vassalo (1968) the nematicidal 
nature of arnmonia is principally due to its plasmolyi: ing property 
and the view was further supported by Rodr iguen-Kabana et_ al. 
(1981). The other possibility for the control of nematodes might 
be enhancec rhi::osphere micro-organisms including antogonists to 
plant parasitic nematodes as a result of ammendment with various 
inorganic fertilizers (Morgan Jones et_ al. , 1981; Rodr iguez-Kabana 
et al. , l';81; Owley et^  al • , 1983). Since NH4 is the preferred 
source of nitrogen for many soil fungi (Cochrane, 1958), therefore 
some fungi parasitica to nematodes might increase m number, 
following application of ammonium sulphate, and could reduce the 
population cf both the nematode species. Likewise phenomena might 
also be applicable for the other components oF inorganic 
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fert11iners. 
Reductiori m nematode population following application 
of inorganic fertiliriers might, also, be duo to changed physical 
and chemical properties of soils (Bird, 1970; Spiegel et_ al. , 
1985; Pant et. al. , 1983), or due to increased tolerance of 
diseased plants (Badra and Elgmdi, 1979). 
It 15 as<3umed that reduction in nematode population as 
a result of application of inorganic fertilisers is due to 
combined effect of all the mechanisms described above. 
Improvement in black gram plants grown m soil amended 
with inorganic fertilizers might, partly be due to the reduction 
in nematode population and partly due to the nutritional effects. 
Integration of chemicals (Furadan and Newark) together 
with biocontrol fungi (£. 1i1acinus and Q. fusispora) resulted in 
an improved plant growth and higher modulation accompanied with 
the control of M. mcogn] ta and R_. r e m form is. Their individual 
applications, however, were not as effective were as combined 
applications. The best combination, with regard to per cent 
reduction m gall number and reproduction factor of M_. mcogriita, 
was at higher dosages of £. 11 1 acinus plus Nemark. In case of R.. 
r e m form is the best ::omtaination was at higher dosages of fi. 
fusispora and Nemark. CDmbinations of £. 1i1acinus and Furadan or 
carbofuran reduced M. incognita population on mung bean and okra 
(Shahzad and Ghaffar, 1987) and R. rsniformis on tomato (Parvatha 
Reddy and Khan, 1989). Hasan and J a m (199£) found that carbofuran 
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in combination with P. 1ilacinus did not show any adverse effect 
on the biocontrol efficacy of the latter (Expt. 5.4.1.1). 
ft higher decline in nematode population, and an 
increase in plant growth and nodulation in such an integrated 
approach might be due to the combined effects of chemicals and 
fungi. The cheimcals might reduce the nematode populations by 
combined effects of poisoning of the nematodes and reducing the 
attractiveness of the plants, because of their being taken up by 
the plants (Bunt, 1987), the fungus parasites, the eggs and the 
females. 
The present investigations (Expt. 5.4.1.2) 
demonstrated that combined application of chopped leaves (Eeli pt a 
ajjba, Bidens biternata and Eriqeron bonariensis) and biocontrol 
fungi (£. 1 i lac in us and fl. f usispora) was more effective i:hari 
individual application of either of the components, in reducing 
population parameters of M. incognita and R. reniformis (presient 
singly or concomitantly) and improving plant growth and nodulalion 
of infected black gram plants. Similar results have also t)eeri 
reported by several workers exploiting the impact of £. 1ilac:nus 
together with organic matters, on nematodes (Zaki and Bhatti, 
1990; Hasan and Jain, 193£). The best combination of these 
components with regard to per cent reduction in gall number and 
reproduction factor of M, incognita was found when higher dostiges 
of P.. li lac in us and E. alba were applied together. For R^. 
reni formis the combination of higher doasges of ft. fusispora and 
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E, bonariensis wp^re evaluated. 
The experimental results ori the integrat ion of chopped 
leaves and biocontrol fungi might be attributed to the nernaticidal 
and nutritional components of leaves, and the parasitic activity 
of the fungi. It is assumed that the decomposition products of 
chopped leaves are toxic to plant nematodes. The residual organic 
matter increases the activity of fungi, antagonist to 
phytoparasitic nematodes (Linford, 1337; Mankau, 196£; Sayre, 
1980). The nernaticidal components released during the 
decomposition process inhibited hatching or killed the nematodes. 
These components increased microbial activities that hampered the 
infection process of these nematodes. The juveniles (Culbreath et 
al., 1985) and the eggs at the advanced stage of development 
(Jatala, 1986) ar^e not, usually, invaded by the fungus, but a're 
killed (or immobilised) by i;he active principles of the chopped 
leaves (Nandal and Bhatti, 1986; Walker, 1971; Badra et_ al. , 
1979). Even, if some of the juveniles survived or penetrated the 
plant, they could not caufie economic losses due to their low 
population and advanced satijes of growth. The developing females 
might occassional ly be affec:ted by the fungus (Jatala, 1986) if 
they, at juvenile stages, nere infected (Morgan Jones et_ al. , 
1984c). The unaffected females may develop normally, but their egg 
laying potential may be reduced by the nernaticidal principles, 
decomposition pv^oducts or mr.crobial metabolites, cr due to their 
combined effect. The fungus VNOuld parasitize egg masses deposited 
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outside the plant thereby affecting multiplication of subsequent 
generations of the nematodes (Zaki and Bhatti, 1990). 
As the experimental results (Expt.5.4.1.3) revealed, 
the integration of leaf extracts (Helianthus annuus, Taqetes 
erecta, and Z i nn i a elegans) and the two fungi (Paec i1omyces 
1i1acinus and ftcrophialophora fusispora), for the control of 
Meloidoqyne incognita and Rot y 1 ench u 1 us r^eni form is exhibited 
better performance. The results indicated that, for reducing gall 
number, reproduction of both the nematodes, and improving plant 
growth and nodulation, integration of the two components, was far 
better than their individual applications. With regard to 
reduction in gall numbev- and reproduction factor of M. incognita 
the best combination was of £. 1 i 1 acinus and T. erect a at higher 
dosages. In case of R.. reni form is. combination of higher dosages 
of £. 1 i lac in us and Z.. eleqans gave the best result. 
The improvement in nematode control in such an 
integrated approach might be due to the individual or combined 
effects of leaf extracts and fungi. Certain nematotoxic chemicals 
present in leaf extracts, probably inhibited egg hatching or 
retarded biological activities such as feeding, movement, 
penetration, reproduction etc., and developed unfavourable 
condition for the survival of nematodes. The eggs parasitised by 
the fungi were destroyed completely. The juveniles (Culbreath et 
al. , 1986) after egg hatching and at 3.ri advanced stage of 
development were not, usually, invaded by the fungus, but were 
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killed by the nernat acidal principles of leaf extracts (Nandal and 
Bhatti, 1983). even, if some of the juveniles penetrated the 
plant, they could not cause economic damage as a result of fewer 
number of nematodes and faster growth of the? host plant. 
The results on the combined application of oilcakes 
(neem s^nd mustard) and leaf extracts <Expt. 5. 4. 1. 4) indicated that 
m most of the treatments, improvement m plant growth and 
nodulation, and reduction in population parameters were 
significantly more than individual application. This might be 
attributed to the nematicidal and nutritional components oF 
oilcakes and nematicidal activity of leaf extracts agamsb 
nematodes. The improvement m nematode control m such a an 
integrated approach is to be expected. Certain chemicals, present 
in the leaf extracts, and the toxic products of oil-cakes, 
released during their decomposition initially inhibited egg 
hatching, larval sur^vival and migration. The nematotoxic chemicals 
of leaf extracts absorbed by the roots, ab the same time, caused 
poor rate of penetration and retarded biological activities such 
as feeding and / or reproduction of the nematodes- Even if some of 
the juveniles survived and penetrated the roots, they could not 
cause economic loss because they wet^ e few in number and the plants 
grew faster exhibiting bettergrowth anc obtaining nutritional 
components from the oil-cakes. 
Integv^ation of oilcakes (Meem or Mustard) and 
inorganic f ert 11 i ;::ers (Nitrogen, Phosphorus or-^ Potassium) were 
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rnoY-e effective, than single application of either of the 
components, in reducing population parameters of eithev- of the 
nematodes and improving ' plant growth and nodulation 
(Expt.5.4.1.5). This attributes to the production of nematicidal 
compounds during degradation of the oilcakes, to the 
multiplication of soil antagonists that destroy plant parasitic 
nematodes, and to the enhancement of resistance mechanisms in the 
host plants, and nutritional and nematicidal components of the 
inorganic fertilizers. The improvement in nematode control in such 
s^ri integrated approach was expected, because the decomposition 
pv^oducts released from oilcake amendments into the soil are 
directly toxic to plant nematodes. They either by inhibit the egg 
hatch or kill the lar^vae in the soil and at the same time initiate 
a succession of events favouring build up of Eioil antagonists that 
destroy plant parasitic nematodes. Inorganic fertilizers might 
have developed certain level of resistance in the plants which 
make the root zone unfavorable to nematode altack. In addition, 
these combinations of treatments might !>timulate microbial 
activity resulting in marked increase in soil enzymatic activities 
associated with microbial metabolism (Huebner et_ al. , 1983). 
Huebner et_ aj^ (1983) and Rodriguez-Kabana ar d King (1980), in 
combination of organic matter plus urea, observed an increase in 
number of microbivorous nematodes relative to soil treated with 
urea only. This reflected the increased microtiial activity in the 
soils treated with the combination treatments. In addition to the 
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above explans ; ions, combination of oilcake and inorgar 
fer't i 1 izev" migh^, also, result in improvement of soil texture s 
increase in water holding capacity of the soil (sc 
conditioning). This might help the plant roots in the 
development anri absorption of minerals from the soil, making t 
root zones unfavourable to nematode attack. 
PI c?ombination of inorganic fertilizers (N, P, K) wi 
chemicals <Fur.?dan or Nemark) was also attempted against ! 
incognita and R^  reni formis, present singly or concomitantly > 
black, gram (Expt, 5. 4. 1. £) . It was found that integration of the: 
two components in various treatments caused higher reduction 
nematode population and more improvement in plant growth a» 
nodulation than caused by either of the components alone. However 
the best combination, with regard to per cent reduction in ga] 
number and reproduction factor for M. incognita was when, highe 
dose of nitrogeri was applied along with higher dose of Furadar 
The combination of higher dose of nitrogen plus higher dose c 
Nemark was the :3est that lowered the reproducb ion factor of R 
reniformis. The results are in agreement with the findings o 
earlier workers (Vein et. al.. , 1977; Ram and Bup:a, 19B£; Verma an 
Gupta, igSG). 
Comt-'.ned application of chemica?. and inorgani 
fertilizers wer o more effective than single applications. It i 
likely that c" -micals (Furadan or Nemark) initially reduced th 
nematode popu -,ti on and inhibited egg hatch and inorgani. 
C.C\.i 
ff?rt 3 11 i:ers thub might have developed certain amount of resistance 
3 n the plant. 
Twenty eight black gram cultivars (Table-5.33) were 
screened separately for their resistance and susceptibility 
against M^ 3 ncoqnit a and R_^ rern form is on the basis of modified 
Husam'B (1386) resitance ratings. On the basis of percentage 
reduction m dry shoot weight (Table-5.3^) none of the cultivars 
was found immune, resistant, or moderatly resistant against either 
oF the pathogens. Four cultivars exhibited tolerant response 
against R_. but none against M. incog ni ta. Fifteen cultivars showed 
susceptible response against JR. r en i form i s and 9 cultivars 
against M. incognita. Ninteen cultivars were found highly 
susceptible against M. incognita and 9 cultivars against R. 
rern formis. 
When rating was done on the basis of the number of 
renifov-m females per root system <Table-5. 36) one cultivar gave 
tolerant reaction, 7 were found susceptible and the remaining ciO 
cultivars were rated highly susceptible against R^ r e m formis. 
One cultivar was found tolerant against M^ incognita 
when evaluated on the basis of number of galls per root system. 
Twelve cultivars were rated susceptible and 15 highly susceptible, 
against M. incognita (Table-5. 35 and 5.37). 
When nematode reproduction factor was considered as 
parameter (Table-5.35-5,37) one cultivar each was rated tolerant 
against NL__ incoqni ba and R^ rer\i rormio. Fifteen cultivars were 
found susceptible eigairrst R^. rer\x f orrnis arid 5 against 1^ mcogni ba 
whereas ciS. were highly susceptible against M. incogrnta and IS 
against £i. rerii. form is. 
When all the three parameters were collectively 
considered for the final rating, only oriB cultivar was found 
tolerant against M^ , incognita str\d R^ r^enif orrnis. Fourteen 
cultivars gave susceptible reaction against R.. r e m form is and 
eight against M^ incognita while 19 were found highly susceptible 
against M^ mcognj tn and 13 against R_^  r e m forma s <Table-5. 37) . 
The effect of nematode infection is a general 
reduction in plant growth, this theory has been substantiated by 
the results where the nematodes have reduced the dry shoot weight 
of black gram <Expts. 5.4.1.1-5,4.1.6 and 5.4.2)'- Poor growth may 
be caused by reduced translocation, inadequate nutrient 
absorption, abnormal production of toxic metabolites etc. 
Most investigators have reported that plant nematodes 
irrespective of their mode of parasitism cause reduced nodulation 
on leguminous plants, reduction m nodulation being measured by 
nodule number or nodule mass (Khan, 1993). This has been 
substantiated by the results where the nematodes have reduced 
nodulation on black gram roots (Expts. 5 4.1.1-5.4.1.6 and 5.4.2). 
Nutrient depletion by nematodes (Masefield, 1958); competition 
between nematode juveniles and root nodule bacteria (Epps and 
Chamber, 1962); suppression of late-^al root formation and 
depletion of root hair by R.. r-^fsri-j form is <Oteifa and Salem, 1972; 
Taha arid Kassab, 1980) might be the possible causes of reduced 
nodulation. Rnother, possible explanation might be dysfunction of 
lectin binding capacity of Rh i zobi urn by secretions released from 
nematode infected roots (Varshney e^ al. , 1987). Contradictory to 
this, stimulation of nodule formation by plant parasitic 
nematodes <Hussey and Barker, 1976; Verdejo et. al. , 1988) or the 
nematode infection had no significant effect on number and size of 
nodules (Caroppo and Pelagatti, 1988) has been observed. 
5.6 Summary 
The present chapter of the thesis embodies the v^esults 
of different experiments conducted to evaluate the efficacy of 
various components e.g. chemicals, bio-control fungi, chopped 
leaves, leaf extracts, oil-seed cakes and inorganic fertilizers, 
used individually and in some specific combinations against root-
knot and reniform nematodes, attacking black gram singly or 
concomitantly. Twenty eight black gram cultivars were also tested 
for resistance, if any, against either of these -lematode species. 
The summary of the above experiments,is as follows. 
The chemicals, Furadan and Nemark <a neem product) at 
both the rates of application, significantly reduced the 
populations of both the nematode species (sirigle as well as 
concomitant inoculation). The effects of Furadan and Nemark 
against Meloidoqyne incognita were similar as vtsll as at par to 
each other, while Nemark was significantly more effective than 
Furadari agairist Roty lenchul us reni form is. 
Soil axppl icat ion of Paeci lornyces li lac in us and 
flcroph ialophov'^a f usispora proved to be beneficial against both 
the nematode species. The parasitic activity of P. 1 i lacirius was 
more pronounced than ft. fusispor-a against M. incognita, whereas. 
PI. f usispora was more effective against R. reni form is. Increasing 
dosages of either of the fungus were significantly more beneficial 
in reducing the population parameters of both the nematode 
species. 
Several organic additives in the form of fresh chopped 
leaves of wild plants of the family Compositae e.g. Eelipta alba, 
Bidens biternata and Eriqeron bonariensis at two different 
dosages (5 and lOg/Kg soil) were found to be deleterious against 
the nematodes. However, the efficacy of different treatments 
varied froin nematode to nematode. 
Water extracts of Helianthus annuus, Taqetes erecta 
and Z i nrt i a elegans (ornamental plants of the family Compositae) 
leaves we-^e tested as soil drench treatment to ascertain their 
antinemic action as well as systemic activity against both the 
nematodes. These were applied at two different dosages (5ml and 
lOml/Kg soil). Soil application of these extracts protected black 
gram seedlings from M. incognita and R.. reni form is infection. Their 
effects, however, were fickle. Root-knot development, and 
population increase of both the nematode species greatly subdued 
'^y I" gJCSEiii leaf extracts. 
££4 
Incorporation of oil-seed cakes of neem (ftzadirachta 
indica) and mustard (E-irassica campestris) into the soil proved to 
be highly pernicious against both the nematode species, whether 
present singly or concomitantly on black gram. 
In a similar study, amendment of soil with different 
fertilizer sources, such as ammonium sulphate, super phosphate and 
muriate of potash at higher dosages caused significant diminuation 
in the rate of M. incognita multiplication. Diminuation in the 
population parameter of R.reniformis was significant in all the 
treatments with different sources of fertilisers except at lower 
dose of phosphorus. 
An experiment to study the effect of chemicals 
(Furadan and Nemark) and bio-control fungi (P. 1 ilacinus and 
Pi. fusispora) alone and in combination . on M. incognita and 
R.reni form is infecting black gram singly or concomitantly revealed 
that the chemicals or bio-control fungi alone impoverished the 
nematode population and increased the plant growth. However, the 
integration of these components in various combinations was 
significantly better in reducing the nematode population and 
increasing the plant growth than when used alone. The best 
combination of these components for W. incog ni ta, with rega •"d to 
subjugation in reproduction factor and gall number, and increase 
in plant growth was noted when P. li1acinus (£g mycelia/Kg soil) 
and Nemark (l.Og a. i./Kg soil) were combined together. The same is 
true with R. fusispora (lOg mycilia/Kg soil) and Nemark (1-0 
a. i./Kg soil) for R.» r-^sm foi-mi£>-
The results on the integration of bio--control fungi 
and chopped leaves (E. al ba, B. biternata and E. bonanensis) for the 
control of M. incognita and R. r e m form is, when present singly or 
concomitantly, showed that decline in the population parameters of 
both the nematode species was significantly more in combined 
applications than i ri individual applications of either of the 
components. Maximum reduction m the reproduction factor of 
M.incognita and m gal] number was achieved m the combined 
treatment with higher dose of P. 111 acinus (lE'g mycelia/Kg soil) and 
E.alba (lOg/Kg soil), fit the higher dose of P. 111acinus combined 
with higher dose of E.bonariensis leaves, diminu-tion in Rf value 
of R. r e m form is was maximum. 
Integration of bio~control fungi and leaf extracts 
(H. annuus, T. erecta a'id Z. eleqans) resulted m significantly 
higher subjugation in population parameters of M.incognita and 
R. r e m form is than individual application of either of the fungi or 
l£?af extracts, in most Df the treatments. Highest reduction m the 
populations of M. inco jnita and in gall numbers, in combined 
application, was recorfjed in the treatment with P. 11 lacinus (2g 
mycelia/Kg soil) plus T. erect a (lOml/Kg soil,). Suppression in 
R. rEvn f Q»'mi5 populatioii was maximum in the treatment with higher 
dose of P. 11lacinus and Z.eleqans leaf extracts combined. 
Com*-bined application of oil-cakes and leaf extracts 
were significantly m^ r-rf effective than individual application of 
either of the components, in most of the treatments. Greatest 
reduction in the gall number and reproduction factor of 
W.incognita was recorded in the treatment with higher dose of 
mustard caUe (l.Og N/Kg soil) plus T.erecta (lOml/Kg soil). 
Decline m the population parameters of R. r e m form is was maximum 
m the treatment with higher dose of neem csUe (l.Og N/Kg soil) 
plus Z.eleqans leaf extract (lOml/Kg soil). 
Results on the integration of oil—cakes and inorganic 
fertilizers (N, P or K) m various combinations were better in 
reducing the populations of both the nematode species (single as 
well as concomitant inoculation) than when used individually. The 
best combination of bhese components for M.incognita with regard 
to dimiriu—tion in gall number and Rf value was that when mustard 
cake (l.Og N/Kg soil) and ammonium sulphate (0.lOg N/Kg soil) were 
combined together. However, maximum reduction m the R^ value of 
R.ren]form is was recorded m the treatment with higher dose of 
neem cake (l.Og N/Kg soil) plus higher dose of ammonium sulphate 
(O.lOg N/Kg soil). 
Integration of chemicals and inorganic fertilizers 
caused more subjugation m the population parameters of 
M. incognita and R. r e m form is than when used alone. Redressal of 
soil wibh higher dosages of ammonium sulphate (0. lOg N/Kg soil) 
plus Nemark (l.Og a. i./Kg soil) caused maximum suppression in the 
populabions of R.rernformis. Suppression in the Rf value of 
W. incor^nita w.^ s maximum m combination of Furadan (O.IO3 a. i./Kg 
soil) and amrnoniurn sulphate (0, lOgN/Kg soil). 
Relative susceptiblity of twenty eight black gram 
cultivars to M. incognita and R. t-^ eniforrnis were tested. None of the 
cultivars were found immune, resistant or moderately resistant to 
either of the nematode species. One cultivar each was found 
tolerant to M. incognita (Phu—73) and R.reniformis (Jhasi-141-ia). 
Reaction of the remaining cultivars were either susceptible or 
highly susceptible to both the riernatodes. 
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